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GREENOUGH REGION APPRAISAL 
Summary 
• The Greenough Region encompasses almost the entire northern half of the 
Northern Agricultural Region.  It covers nearly 1.9 million hectares, extending 
across eight shires and the City of Geraldton.  The climate is Mediterranean 
with mild wet winters and warm to hot dry summers. 
• The Greenough Region is drained primarily by the Irwin, Greenough, 
Chapman and Murchison Rivers.  Minor rivers of the Northampton Block 
include the Bowes, Hutt, Oakajee and Woolowar. 
• Sandplains collectively account for over half of the Greenough Region’s 
landscapes with Yellow Deep Sand the dominant soil, occupying 31 per cent.  
Loose, coarse, dry surface soils are prone to wind erosion and 53 per cent of 
soils have a high to very high wind erosion hazard.  33 per cent of soils are 
currently or likely to exhibit subsurface acidity in the next 10 years and 24 per 
cent of soils are highly susceptible to sub soil compaction. 
• Salinity risk varies across the Greenough Region.  Future salinity risk on the 
Yilgarn Craton, within the Greenough Region, appears negligible.  That is, 
areas of existing salinity are unlikely to expand or new areas develop. 
• Salinity risk in the Irwin Sub-basin is uncertain as there does not appear to be 
any net watertable change after nine years of monitoring.  Large areas of the 
Northampton Block appear to have attained a groundwater equilibrium.  The 
future salinity risk within the Carnarvon Basin is unknown at this time as no 
bores are sited in this area. 
• Salinity risk in the Perth Basin is extreme.   Alarming rates of watertable rise 
have been observed in central parts of this basin for decades. 
• The 143,633 hectares of remnant vegetation accounts for only 8 per cent of 
what originally grew.  This vegetation contains 44 species of priority flora and 
32 species of declared rare flora.  
• In 2000-01, the gross value of agricultural production (GVAP) for the 
Greenough Region was estimated to be $305 M, nearly 7 per cent of the total 
GVAP of WA.   On average over the past 5 years, farms in the Greenough 
Region have cropped the highest percentage of arable land annually than 
anywhere else in WA.  
A range of options for reducing land degradation is discussed.  Factors such as soil 
type, annual rainfall, enterprise mix and financial structure will determine the most 
suitable approach for each farm business. 
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1.  Introduction 
The purpose of this report is to provide a ‘snap shot’ appraisal of the condition of the 
natural resources within the Greenough Region at a regional scale.  The information 
provided here allows an assessment of the natural resource base, its condition and 
the current and future risks to which it may be subject.  It also provides the currently 
recommended best management practices for those risks.  Finally, the report also 
provides a resource of further information sources and contacts for more enquiries.   
1.1 Study area 
The Greenough Region encompasses almost the entire northern half of the Northern 
Agricultural Region.  It covers nearly 1.9 million hectares, extending across eight 
shires and the City of Geraldton.  It is limited to the west by the Indian Ocean and to 
the north and east by the rangelands or extensive land use zone.  To the south it 
meets the boundaries of the Yarra Yarra and West Midlands Regions (Figure 1).   
Apart from Geraldton, major towns include Dongara, Mingenew, Mullewa and 
Northampton.  The land use in the area is dominated by highly productive broad acre 
agriculture.   
The Greenough area is drained by the Irwin, Greenough, and Chapman Rivers that 
typically flow from the north-east to the south-west.  The Murchison River drains the 
north-eastern sector of the region, its tributaries flowing to the north and north-east.  
Minor rivers include the Bowes, Hutt, Oakajee and Woolowar Rivers.  Three major 
geological areas are also included here:  the Perth Basin, the Yilgarn Craton and the 
Carnarvon Basin. 
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Figure 1:  Greenough RCA region study area 
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2.  Natural resource base 
2.1 Climate 
Angela Stuart-Street, Soil Resource Officer 
The climate of the Greenough area is Mediterranean with mild wet winters and warm 
to hot dry summers.  The climate information below is summarised from Rogers 
(1996). 
Winter rainfall decreases from 500 mm near the coast to less than 300 mm east of 
Mullewa (Figure 2).  Most of the rain falls between April and September with the 
wetter months being June and July.  Agricultural growing seasons are four to five 
months on the coast, but this declines to just three months at the eastern margins1 of 
the area.  Summer is normally dry apart from scattered and irregular thunderstorms 
or rain from the formation of troughs and moist air from the north-west.  Additionally 
there are very infrequent events from decaying tropical cyclones. 
January is the generally the hottest month of the year, except on the coast, where the 
development of heat troughs in February bring even warmer temperatures.  Average 
daily maximum temperatures range from 32°C on the coast to 37°C inland.  July is 
the coldest month with the average daily minimum temperatures ranging from 9°C on 
the coast to 7°C inland.  Frosts are a risk in winter and early spring, though not a 
common occurrence.  Again the trend increases from the coast to the inland areas, 
where Geraldton and Kalbarri average less than one frost per year, Mullewa, two, 
and Northampton, Nabawa and Mingenew, three. 
The strong south-south-west sea breeze that is part of the summer wind pattern is a 
feature on the coast.  This arrives between 10 am to noon, and can reach 25 to 28 
knots.  The sea breeze can move considerable distances inland, often reaching 
Mullewa by early evening.  Winter winds are more variable and are influenced by the 
movement of cold fronts coming in from the Indian Ocean.  The dominant winds are 
from the east to north-west before the cold fronts.  Behind the fronts the cool, moist 
winds are generally west to south-westerly.   
Evaporation increases in a north-easterly direction from approximately 2,400 mm per 
annum at the coast in the south to 2,800 mm per annum in the north and east.   
                                            
1 Growing season is determined as that part of the year when rainfall is greater than the effective 
rainfall…. and is given by P/E0.7  = 0.54 where P is the effective rainfall and E is evaporation (Rogers 
pp.10, 1996). 
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Figure 2:  Rainfall within the Greenough region 
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2.2 Geology 
Russell Speed, Regional Hydrologist 
The Greenough Region spans five distinct geological regions.  There are two areas 
of crystalline bedrock and three areas of sedimentary basin.  The crystalline bedrock 
areas are on the Yilgarn Craton and the Northampton Block.  The sedimentary basins 
include parts of the Perth Basin, Irwin Sub-basin and the Carnarvon Basin. 
The Yilgarn Craton is a large area of Archaean, granitic, stable, continental crust that 
underlies most of the south-west of Western Australia.  It is intruded by swarms of 
dolerite dykes.  Aeons of erosion have resulted in subdued relief.  A thick profile of 
gritty clay saprolite (up to 50 m) derived from in-situ weathering typically mantles the 
crystalline bedrock.  The Yilgarn Craton underlies the eastern part of the Greenough 
Region and the landscape is typical of the central and eastern wheatbelt. 
The Darling Fault defines the western edge of the Yilgarn Craton.  About 20 
kilometres west of the Darling Fault, another fault, the Urella Fault, runs parallel to 
the Darling Fault through the Greenough Region.  Between these two faults there is 
an elongate sedimentary basin known as the Irwin Sub-basin.  The Irwin Sub-basin is 
a subdivision of the Perth Basin but is noted separately as it is dominated by Permian 
clay sediments.  Gully erosion is a feature of this landscape. 
The Perth Basin that lies west of the Urella Fault extends north-south for some 1,000 
kilometres from the south coast of Western Australia to northeast of Northampton.  
The sediments were deposited in both terrestrial and marine environments and may 
exceed 12,000 m in depth.  Structurally the Perth Basin is intensely faulted.  Most of 
the faults have north-north-westerly trends although there are crosscutting faults.  
The major faults have normal displacements (Playford et al 1976, Mory and Iasky 
1996).  Simple compressional folding appears absent (Playford et al 1976) and 
sedimentary layers are generally flat to gently inclined and can be draped over fault 
scarps.  The Perth Basin underlies the south-western part of the Greenough Region 
extending northward where the Urella Fault and the Northampton Block bound it to 
the east and west.  Northward beyond the region the Perth Basin merges with the 
Carnarvon Basin.  The landscape is characterised by undulating sandplain and a 
significant part of it is internally draining. 
The Northampton Block is an inlier of Proterozoic gneissic crystalline bedrock cut by 
swarms of northeast striking dolerite dykes.  The southern and western parts of the 
Northampton Block are partially capped by thin sequences of Jurassic sediments 
forming characteristic mesas and flat topped hills with steep break-away slopes.  
Further north on the Northampton Block the landscape is characterised by rolling hills 
and incised drainage lines. 
The Carnarvon Basin occurs as a wedge in the north-western corner of the 
Greenough Region between the Northampton Block and the coast.  In this area it 
contains the Tumblagooda Sandstone partially capped by thin sequences of 
Mesozoic sediments.  The landscape is characterised by a sandplain plateau. 
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Figure 3:  Geology of the Greenough Region 
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2.3 Soil-landscapes 
Angela Stuart-Street, Soil Resource Officer 
2.3.1 Soil-landscape Zones 
Soil-landscape zones are regional units based on geomorphologic or geological 
criteria (Schoknecht et al, 2004).  Nine have been identified across the Greenough 
Region (Table 1, Figure 4).   
Sandplains dominate the Greenough region.  Collectively, they form over half of the 
regions landscapes.  The gently undulating Victoria Plateau sandplain in the centre 
and north of the region is the largest, covering more than a third of the area.  A 
dissected lateritic sandplain, the Arrowsmith Zone, occurs south of the Victoria 
Plateau.  The remaining significant sandplain area, the Kalbarri Sandplain Zone, 
occurs in the north western corner, near Kalbarri.   
The Victoria Plateau is flanked to the east by the dissected Irwin River Zone on the 
Yilgarn Craton, and to the west by the crystalline and eroded sedimentary rocks of 
the Chapman Zone.  The alluvial plains, coastal dunes and limestone topography of 
the Geraldton Coastal Zone lie between the Indian Ocean and the Chapman and 
Arrowsmith Zones.  The Lockier Zone, an eroded landscape of sediments, mesas, 
scarp faces and plains, is sandwiched between the Urella and Darling Faults in the 
lower central part of the Greenough region.   
The remaining Zones, the Dandaragan Plateau on the southern boundary and the 
Port Gregory Coastal Zone in the north western corner, make up just 3 per cent of 
the remaining area. 
Table 1:  Soil-landscape zones in the Greenough Region. 
Soil-landscape 
Zone Code Description 
Victoria Plateau 
673,730 ha     
(36% of area) 
223 
Gently undulating sandplain on sandstone and granulite 
with laterite exposed at dissected margins.  Dominated by 
Deep sands. 
Irwin River  
340,298 ha     
(18% of area) 
271 
The Irwin and upper Lockier River catchments within the 
undulating Yilgarn Craton.  Archaean granites, gneisses, 
metasediments and basic igneous rocks.  Shallow loams 
with Loamy and Sandy earths, Deep sands and Sandy 
duplex. 
Chapman 
289,713 ha     
(15% of area) 
225 
Mesas on undulating crystalline basement rock with 
numerous dolerite dykes. Dissected terrain with hills, 
breakaways, plateau and sandplain remnants.  Loamy 
and Sandy duplexes, Deep sands, Loamy earths and 
Shallow loams. 
Arrowsmith 
169,515 ha       
224 
Dissected lateritic sandplain on Cretaceous and Jurassic 
sediments.  Sandy and gravelly soils formed in colluvium  
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(9% of area) and weathered in-situ rock.  Deep sands, Ironstone 
gravelly soils and Sandy duplex. 
Geraldton Coastal 
126,081 ha       
(7% of area) 
221 
Low hills of Tamala Limestone, Recent calcareous and 
siliceous dunes with alluvial plains and sand sheets.  
Mainly Shallow and Deep sands with some Loamy and 
Sandy earths.   
Kalbarri Sandplain 
120,980 ha       
(6% of area) 
232 
Moderately dissected undulating sandplain with laterite 
remnants on sediments of the Carnarvon Basin.  Deep 
sands, Ironstone gravels and Sandy duplexes 
Lockier 
102,975 ha       
(6% of area) 
226 
River valleys of the Irwin, Lockier and Arrowsmith rivers, 
underlain by Proterozoic granulites, and sediments of the 
Irwin sub-basin between the Darling and Urella faults.  
Cracking clay, Shallow loamy duplex, Loamy earths and 
Deep sands.   
Port Gregory 
Coastal 
37,446 ha         
(2% of area) 
231 
Coastal dunes, sea cliffs, undulating sandplain and 
alluvial plains.  Deep and shallow sands, often 
calcareous. 
Dandaragan 
Plateau  
11,070 ha         
(1% of area) 
222 
Gently undulating plateau with areas of sandplain and 
some laterite on Cretaceous sediments.  Soils are formed 
in colluvium and weathered rock.  Deep sands with 
Ironstone gravelly soils and Loamy earths. 
2.3.2 Soils of the Greenough Region 
Associated with the widespread sandplain landscapes, deep sands clearly dominate 
the soils of the Greenough Region.  They make up almost half of the soils (45 per 
cent).  The next most widespread group of soils are the Shallow loams (13 per cent) 
largely reflecting the shallow hardpan soils that are common in the eastern areas.  
Sandy earths and Ironstone gravelly soils also occur in many areas (6 per cent each).  
The remaining supergroups are found in less than 5 per cent of the region.   
The main individual WA Soil Groups (Schoknecht 2002) are represented in Table 2 
below.  Again, this reflects the prominence of Deep sand across the region, with 
Yellow deep sand being the main soil (31 per cent).  The Red-brown hardpan shallow 
loamy soils are the next most common (10 per cent), with Pale deep sand also widely 
found (8 per cent).  The remaining soils each occur in less than 5 per cent of the 
Greenough region.  A full list of soils is presented in Appendix 1.  A list of the 
dominant soils in each soil-landscape zone is presented in Appendix 2.  A map of the 
main soils of the region, represented as soil supergroups, is shown in Figure 5. 
The soils and landscapes of this area were mapped and described in the Geraldton 
Region Land Resources Survey (Rogers, 1996).  Additionally, more detailed mapping 
was undertaken and described in the Geraldton Rural-Residential Land Capability 
Study (Dye et. al. 1990).  An analysis of this information was undertaken by using the 
Department of Agriculture’s Map Unit Database (2005).  
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Figure 4:  Soil-landscape Zones within the Greenough RCA region 
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Table 2:  Main WA Soil Groups of the Greenough Region 
WA SOIL GROUP Area (ha) Percent 
Yellow deep sand 574,000 31 
Red-brown hardpan shallow loam 194,000 10 
Pale deep sand 143,000 8 
Shallow gravel 83,000 4 
Yellow sandy earth 80,000 4 
Red shallow loamy duplex 78,000 4 
Red loamy earth 77,000 4 
Red shallow sandy duplex 76,000 4 
Gravelly pale deep sand 65,000 3 
Red shallow sand 51,000 3 
Red shallow loam 44,000 2 
Grey deep sandy duplex 40,000 2 
Calcareous deep sand 39,000 2 
Hard cracking clay 35,000 2 
Red sandy earth 29,000 2 
Stony soil 29,000 2 
 
2.3.3 Land Management Units 
Land Management Units (LMUs) are combinations of soils and landforms occurring 
within the Greenough Region that have similar agronomic potential and management 
requirements (Table 3).  Management options for the LMUs are discussed in Section 
4 of this report. 
Once again, reflecting the prominence of deep sandy soils and sandplain landscapes 
in the Greenough Region, the major LMU is Deep yellow sand.  Shallow York gum 
country and Sand over gravel are the next most widespread.   
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Table 3:  Land Management Units of the Greenough Region 
Land Management Unit Description Area Percent 
Deep yellow sand 
Yellow deep sand > 80 cm and Yellow sandy 
earth grading to loam by 80 cm on sandplains 
and slopes 
673,000 36% 
York gum country 
(shallow) 
Red and red-brown loam over a red brown 
shallow hardpan (often with calcrete) at <50 
cm on level to very gently inclined lower 
slopes 
330,000 18% 
Sand over gravel 
Grey to pale brown sand over sandy gravel; 
with pale sand sometimes deep (> 80 cm), on 
level to undulating sandplains 
216,000 12% 
Rocky outcrop country 
Firm to hardsetting, red-brown stony clayey 
sand on granite; surface often littered with 
granite and quartz rocks, on hillcrests and 
slopes of gently undulating rises 
163,000 9% 
Well drained slopes and 
flats 
Clays, sandy or loamy earths and duplex soils 
on well drained slopes and flats 130,000 7% 
Gravel ridges Gravelly yellowish brown clayey sand over laterite on crests, upper slopes and uplands 102,000 5% 
Poorly drained slopes 
and flats 
Clays, sandy or loamy earths and duplex soils 
on poorly drained slopes and flats 49,000 3% 
Shallow and stony 
limestone soils 
Loose, dark brown or yellow calcareous sand 
over limestone < 80 cm on gently undulating 
sandplain; limestone outcrops and low hills, 
just inland from the coast 
44,000 2% 
York gum country (deep) 
Red and red-brown loam over a red brown 
deep hardpan (often with calcrete) at > 50 cm 
on level to very gently inclined lower slopes 
44,000 2% 
Swamps and waterways Areas of soaks, swamps and waterways unaffected by secondary salinity. 30,000 2% 
Coastal dunes and cliffs 
Coastal dunes of leached sands over 
limestone; moderately inclined to steep, rocky 
terrain, includes some sea cliffs. 
27,000 1% 
Salt affected land Saline wet soils in a range of landscape positions 20,000 1% 
Wodgil sands Acidic dark yellowish brown clayey sand > 80 cm on long gentle slopes 20,000 1% 
Red sands Reddish brown to dark reddish brown coarse loamy sand to clayey sand  9,000 <1% 
Steep slopes Steep sideslopes of mesas, scarps, breakaways and hills > 15%. 7,000 <1% 
Salt lakes Salt lakes and swamps 4,000 <1% 
(Source:  Department of Agriculture Map Unit Database 2005, Clarke 1995).   
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Figure 5:  Main soils of the Greenough RCA region 
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2.4 Hydrology 
2.4.1 Ground Water Hydrology  
Russell Speed, Regional Hydrologist  
On the Yilgarn Craton groundwater occurs within the weathered gritty clay saprolite 
profile.  Groundwater is essentially absent in the underlying granitic crystalline 
bedrock.  The yield and quality of groundwater in the saprolite profile is variable but is 
generally low and of poor quality.  At the base of the saprolite a zone of grits and 
saprock (partially weathered bedrock) may be present from which useful supplies of 
stock water can be obtained.  Generally groundwater in the valley floors is too saline 
to be of use. 
The Permian sediments of the Irwin Sub-basin, notably the Holmwood Shale and 
Nangetty Formation, have generally poor hydraulic characteristics.  Groundwater is 
typically very saline with negligible yield. 
The Perth Basin that lies west of the Urella Fault and south of the Northampton Block 
contains significant groundwater resources in large regional aquifers, most notably 
within the Yarragadee Formation.  Groundwater resources in the area of the Perth 
Basin bound by the Urella Fault and the Northampton Block become less significant 
with decreasing latitude.  North of Yuna groundwater occurs within the Tumblagooda 
Sandstone and is generally too saline for anything other than stock supplies. 
The Northampton Block hosts diverse occurrences of groundwater but supplies are 
limited and typically discrete.  Groundwater occurs within fractured gneissic rock and 
the overlying weathered gritty clay saprolite profile.  It also occurs in a paleochannel 
associated with the contemporary Chapman River.  The Nabawa Sandplain contains 
groundwater within relict Victoria Plateau sandplain and underlying Jurassic 
sediments. 
The Carnarvon Basin may contain significant supplies of groundwater in the 
Tumblagooda Sandstone. 
2.4.2 Surface Water Hydrology 
Lyle Mildenhall, Land and Water Development Officer 
The Greenough Region has 12 main sub-catchments that are within the Murchison 
(14 per cent) and Greenough (86 per cent) Drainage Basins (Figure 6).  The most 
prominent waterway in the Murchison Drainage Basin is the Murchison River.  Major 
tributaries are the Hope, Yalgar, Roderick and Sandford Rivers.  The majority of this 
Basin is in uncleared pastoral areas. 
There are three prominent waterways in the Greenough Drainage Basin:  the 
Chapman, Greenough and Irwin Rivers, which typically flow from the north-east to 
the south-west.  The drainage pattern of the majority of these rivers is considered to 
be dendritic with no major tributaries existing, except for the Chapman River.  The 
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Greenough River itself is the largest watercourse in the basin with a catchment area 
near its mouth in excess of 13 200 sq. km. 
The Chapman River is 104 km long originating east of Yuna and draining the farming 
areas of the Chapman Valley.  The river enters the ocean within the northern suburbs 
of Geraldton.  The estuary is only open to the ocean during winter flows and high 
tides.  
The Greenough River is 211 km in length and originates in the pastoral region north 
east of Mullewa, with its headwaters being on the Yilgarn Block.  It flows through the 
farming areas of the Northern Perth Basin and Northampton Block to the Greenough 
Flats.  It features numerous pools including Eradu, Beetalyinna and Ellendale and 
enters the ocean at Cape Burney, south of Geraldton.  The sandbar across the 
estuary is only opened by significant flows.  
The Irwin River originates east of Mullewa, and has middle and lower reaches with 
perennial flow due to discharge from the groundwater systems.  The river is 158 km 
long and enters the ocean at Dongara and the mouth of the river is a coastal lagoon 
system, which is blocked by a sandbar for most of the year.  
Other significant waterways include the Hutt, Bowes, Oakabella, Oakajee and Buller 
Rivers.  The Hutt and Bowes Rivers drain the farming areas in and around the 
Waterloo Range.  They have small estuaries, with average depths of less than 3 
metres. They are only open to the ocean for a few days, mainly during the months of 
June and August (NACC 2004). 
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   Figure 6: Drainage in the Greenough Region 
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2.5 Native vegetation 
Mike Clarke, Revegetation Officer 
Beard (1976 a,b,c,d, and e) and the National Vegetation Information System 
Database (2003) divides the Greenough region into 24 vegetation systems.  Prior to 
clearing the Yuna, Tathra and Northampton systems covered just over half the region 
with percentages of 25, 14 and 13 respectively.  (See Table 14 for vegetation extent 
details). 
Yuna System – Gently undulating sandplain of the Victoria Plateau with a red loamy 
soil in depressions.  A mixed scrub heath occurs on the yellow sandplain and an 
Acacia-Allocasuarina thicket on the red sands.  The red loam soils in depressions 
support an Acacia-Allocasuarina scrub with various mallee species and Eucalyptus 
loxophleba.  A large area of Eucalyptus loxophleba and E. salmonophloia woodland 
occurs on red loams between Yuna and Mullewa.  Salt flats contain typical halophyte 
communities of samphire and salt bush with Melaleuca thyoides.  
Tathra System – Associated with sand over gravel on the gently undulating 
sandplain south of the Greenough River.  A scrub heath vegetation system 
comprising Acacia, Banksia, Allocasuarina, Melaleuca and Verticordia species.  
Scattered trees of Nuytsia floribunda occurs as do isolated patches of Eucalyptus 
camaldulensis.  
Northampton System – Mesas and undulating hills of granites and granulites 
associated with the Northampton Block.  The catena includes scrub heath on the 
sandplain of the mesa tops with Melaleuca-Hakea thicket on the scarp slopes and 
Acacia acuminata scrub with Hakea and Eucalyptus loxophleba on the lower 
undulating country.  Eucalyptus camaldulensis flank the drainage lines. 
Kalbarri System – Predominately a sandplain feature found west of the Yuna 
system as far south as the Greenough River.  A diverse scrub-heath association with 
conspicuous species ranging from Acacia rostellifera near the coast to Adenanthos 
cygnorum, Banksia attenuata and B. menziesii on pale sands to Actinostrobus 
arenarius, Banksia sceptrum and Xylomelum angustifolium on the yellow sands.  
Thickets of Allocasuarina campestris and Acacia ligulata occur on laterite.  Areas of 
red sandy loams have Acacia-Allocasuarina scrub with occasional Eucalyptus 
loxophleba woodland. 
Pindar System – Associated with yellow sands, red loams and red sands east of 
Mullewa.  An Acacia-Allocasuarina-Melaleuca thicket is found on the sandplain with 
Acacia ramulosa scrub on rocky hills and Eucalyptus loxophleba woodland on red 
loams in the valleys.  Samphire and teatree species are found along drainage lines. 
Greenough System – Plant communities associated with coastal limestone 
extending from Kalbarri to Dongara.  Dominant plants range from Acacia rostellifera 
and Melaleuca cardiophylla thickets on rocky ridges to acacia-banksia scrub on sand 
covered limestone and Acacia rostellifera low forest with occasional Eucalyptus 
camaldulensis on the alluvial flats. 
Nanekine System – Undulating country of small valleys and stony ridges adjoining 
the Darling Fault south of Mullewa.  Borya sphaerocephala and Verticordia 
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penicillaris on exposed rock and Melaleuca heath with Allocasuarina campestris on 
shallow soils over granite.  A thicket of Acacia neurophylla is associated with sand 
over gravel and Acacia acuminata scrub dominates the valley soils. 
Mingenew System – A dissected, gently undulating system bounded by scarps in 
the headwaters of the Irwin River.  Acacia acuminata shrubland with scattered trees 
of Eucalyptus loxophleba.  The river is lined with E. camaldulensis.  Flat valley areas 
are dominated by halophytes such as saltbush, samphire and bluebush. 
Hutt – Comprises the lower drainage basin of the Hutt River.  The sand plains have a 
scrub heath association similar to the Kalbarri System.  Hills and mesas display a 
Melaleuca – Hakea thicket dominated by Melaleuca megacephala and Hakea 
pyconeura while valley slopes support a mixture of thicket and scrub.  The river is 
lined with E. camaldulensis, Casuarina obesa and Melaleuca rhaphiophylla. 
Mullewa System – Associated with the shallow, dissected country of the Greenough 
River in the Mullewa area.  Supports an Acacia acuminata scrub with scattered 
Eucalyptus loxophleba and Allocasuarina huegeliana. 
Yalgoo System – Found north east of the Mullewa System it comprises a mixed 
acacia scrub with A. ramulosa and A. acuminata on hills, A ramulosa and A. 
murrayana on sandplains and scrub of A. sclerosperma, A. eremaea, saltbush and 
bluebush on the flats. 
Ajana System – Associated with shallow rocky soils either side of the Murchison 
River in the Ajana area.  Acacia acuminata scrub with scattered Eucalyptus 
loxophleba and Allocasuarina huegeliana. 
Illyarrie System – Associated with the undulating hilly country of coastal limestone 
overlain by yellow sand northeast and south east of Dongara.  Eucalyptus 
erythrocorys in small groves typifies this system with an open shrub understorey of 
various acacia species.  
Erindoon System – Associated with a flat sandplain area east of the coastal 
limestone deposits in the Dongara area.  Comprises small trees such as Banksia 
prionotes, B. menziesii, Eucalyptus todtiana and Xylomelum angustifolium over a 
diverse shrubland community. 
Eurardy System – An area of scrub heath on yellow sandplain north of the 
Murchison River.  Dominant species include Actinostrobus arenarius, Banksia 
sceptrum and Xylomelum angustifolium over a diverse shrub layer. 
Irwin System – Associated with the narrow floodplain of the Irwin River east of 
Dongara.  River channels lined with Eucalyptus camaldulensis and Casuarina 
huegeliana.  The floodplain was formerly comprised of a woodland of E. loxophleba 
with scattered E. camaldulensis and C. huegeliana. 
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Figure 7:  Beard’s Vegetation Systems in the Greenough RCA region 
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Perenjori System – A gently undulating landscape of granites and gneiss with a 
thicket of Allocasuarina campestris and A. acutivalvis with eucalypt mallees on yellow 
sands and E. loxophleba woodland on red loams.  Saline flats are colonised by 
Melaleuca sp. and saltbush and samphire.  
Cliff Head System – A narrow coastal strip comprising calcareous sand dunes with a 
heath of Acacia lasiocarpa, Melaleuca acerosa and occasional patches of Eucalyptus 
obtusiflora. 
Talisker System – Found on the north eastern edge of the RCA study area and 
composed of red sandplain soils with a scrub of Acacia ramulosa with scattered 
eucalypt and cypress pines.  
Yarra Yarra System – Found south of the Mingenew system it comprises woodland 
of Eucalyptus loxophleba and E. salmonophloia, shrublands of Melaleuca uncinata 
flanking drainage lines and scrub heath on sandplain. 
Coolcalalya System – Associated with the floodplain of the Murchison River and 
comprises Eucalyptus camaldulensis (River Redgum), Casuarina obesa and 
Callistemon phoeniceous. 
Billeranga System – A small area within the Billeranga hills comprising 
Allocasuarina-Melaleuca thickets with Allocasuarina campestris, Grevillea 
stenostachya, Melaleuca nematophylla, M. radula and M. steedmannii.  An unusual 
scrub dominated by Dodonaea inaequifolia and Eremophila clarkei also occurs. 
Zuytdorp System – Associated with the very southern tip of the Zuytdorp cliffs on 
the coast south of Kalbarri.  Comprises wattle scrub and heath on sea facing slopes, 
coastal heath on hills and Acacia rostellifera thicket on sheltered sites with deeper 
soil. 
Mullingarra System – A system associated with a distinctive outcrop of pre 
Cambrian granitic gneiss near Yandanooka and comprises Allocasuarina shrublands 
and Melaeuca thicket. 
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2.6 Agricultural production 
Gary Patterson, Development Officer  
2.6.1 Agricultural systems  
Agricultural systems in the Greenough Region include broad area cropping, which is 
the largest industry, livestock enterprises, horticulture and a small amount of 
floriculture and agroforestry.   Due to improvements in crop nutrition and herbicides, 
cropping intensity has increased significantly over the past two decades, displacing 
livestock.  However, an increase in the incidence of herbicide resistance, particularly 
on sand-plain soils, has resulted in a gradual increase in livestock numbers in recent 
years.     
2.6.1.1 Cropping  
The main crops grown are wheat (~355,000ha planted in 2004), lupins (~120,000ha 
planted in 2004) and barley (~56,000ha planted in 2004).  Improvements in varietal 
characteristics and associated agronomy of oilseeds and pulses, however, have 
resulted in steady increases in areas sown of such crops as canola, faba beans and 
chick peas.  The primary crop rotation on sandplain soils is wheat/lupin, with 
continuous cropping on heavy soils and pasture phases on duplex soils.  However, 
over the past few years the wheat/lupin rotation has been significantly impacted by 
herbicide resistance, leading to an increase in pasture phases and/or livestock. 
2.6.1.2 Livestock  
The dominant livestock enterprises are sheep for wool, prime lambs and weaners, 
and steers for meat production. Historically, livestock enterprises in the Greenough 
Region were self-replacing merino flocks for producing medium type wool. However, 
continued depressed prices for wool and improved profitability of sheep-meat and 
beef have seen a shift towards these enterprises.  Alternative sheep breeds, such as 
Damaras and Dorpers, have significantly increased in numbers over the past five 
years, particularly in lower rainfall areas.  There has also been a substantial increase 
in the integration of pastoral cattle into the Greenough Region to take advantage of 
winter/spring feed and lot-feeding opportunities, as well as export of animals from the 
Geraldton port.    
2.6.1.3 Pasture  
Pastures vary from annual-based unimproved pastures on the lighter soils to 
improved annual and perennial pastures on the heavier soils. Tagasaste is grown on 
the infertile deep sands as a food source for livestock – mainly cattle.  The area sown 
to annual and perennial pastures has increased significantly in recent years as 
varietal characteristics have improved through breeding and their establishment and 
management has refined.  A range of sub-tropical perennial grasses are being trialled 
in the region to fill the autumn feed gap and improve water usage.      
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2.6.1.4 Intensive agriculture  
Horticulture has grown significantly in the Greenough Region over the past decade, 
mostly in the coastal zones.  The main crops grown include olives, melons, table 
grapes, tomatoes and cucumbers. Table 4 illustrates the extent of perennial 
horticulture in the Greenough catchment.  However, distance to market issues, 
access to adequate water and labour supplies, along with suitable soil types and 
climatic conditions have restricted the development of this industry.  Small amounts 
of floriculture enterprises exist in higher rainfall areas, with significant harvesting of 
wildflowers occurring in areas of remnant vegetation. However, distance to market, 
regularity and volume of supply and limited technical expertise has also inhibited the 
growth of this industry.    Significant plantings of Oil Mallees have occurred in the 
lower rainfall areas of the Greenough region, mainly as a means of managing 
recharge, but also for a potential source of income.   
Table 4: Estimate of areas of perennial horticulture in the Greenough 
catchment as of June 2005. 
Crop Area (ha) 
Carob  50 
Citrus, Mango 70 
Olives 165 
Stonefruit 22 
Grapes (winery/table) 56 
 
 Source:  Bruce, (unpublished). 
2.6.2  Catchment production  
The gross value of agricultural production (GVAP) for the region in 2000-01 was 
estimated to be $305 M with a contribution to the total State GVAP of 7 per cent 
(ABS 2001).   
Trends in the region over the period 2003-04 include:  
• Farms in the lower rainfall zone of the Greenough region are on average the 
largest in WA.        
• On average over the past 5 years, farmers in the Greenough region have cropped 
the higher percentage of arable land annually than anywhere else in WA.   This is 
a reflection of the higher margins and perceived lifestyle advantages that can be 
achieved with cropping in comparison to livestock.  
• The value of wool produced experienced a significant decline following the 
collapse of the reserve price scheme. The decline is a symptom of both the fall in 
prices received and a reduction in the numbers shorn by about one-third.  
However, many producers have changed focus from wool production to meat 
production, so overall sheep numbers in the Greenough region have not reduced 
significantly over the past 5 years.  
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• Beef cattle numbers have increased significantly in the Greenough region over 
the past 5 years, particularly in northern areas.  This is mainly attributable to the 
integration of pastoral cattle into broad-acre systems, as well as buoyant cattle 
prices.         
2.6.3 Farm performance  
Table 5 highlights the variation between physical factors and financial performance of 
farms within the catchment.  Eastern areas of the Greenough Region fall in the less 
than 350mm annual rainfall zone, whereas western areas have greater than 350mm 
annual rainfall (See Figure 2).  Farm size decreases from east to west, as does the 
proportion of area cropped.  Sheep numbers and wool cut per hectare are greater in 
the west reflecting the higher productivity of pastures.  The lower rainfall areas of the 
Greenough region achieved higher crop yields in 2003-04 season than the five year 
average, thanks to good finishing rains.  The higher rainfall area cropping percentage 
increased significantly in the 2003-04 season compared to historical averages.  Due 
to strong sheep sale prices, sheep enterprises in the Greenough region enjoyed 
significantly higher returns per head in the 2003-04 season compared to the 5-year 
average.     
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Table 5: Farm surveys 2003/04 Season for the Northern Wheatbelt (Source: 
Bank of Western Australia, 2004)  
 
< 350mm 
2003/04 average 
< 350 mm 
5year average 
> 350mm 
2003/04 average 
> 350mm 
5year average
Capital analysis      
Effective area (ha)  3,762 3,496 2,643 2,956 
Assets ($/Eff ha)  1,090 922 1,590 1,198 
Debt ($/Eff ha)  155 128 263 199 
Long term debt ($/Eff ha)  65 70  102 120 
Equity (%)  85 85  83 83 
Long-term debt to Income (%)  23 34 31 45 
Return to capital (%) 6.7 0.7  4.9 2.8 
Machinery value ($/Eff Ha) 198 189 302 233 
Operating analysis      
Farm income ($/Eff ha)  222 180  295 229 
Operating costs ($/Eff ha)  124 133 189 157 
Operating return ($/Eff ha)  98 47 107 72 
Operating profit ($/Eff ha)  78 28 77 49 
Operating cost/farm income (%)  61 82 68 73 
Grain % of farm income  85 80 79 82 
Sheep & wool % of farm income  8 13  14 11 
Crop production & yield      
Total crop area (ha)  2,527 2,413  1,939 1,148 
Crop % of effective area (%)  66 69  72 52 
Wheat (t/ha)  2.03 1.42  2.55 1.84 
Barley (t/ha)  2.05 1.27  2.45 1.78 
Lupins (t/ha)  1.07 0.80  1.68 1.04 
Chickpeas (t/ha) - 0.57 - 1.15 
Canola (t/ha)  1.17 0.63 1.26 1.04 
Sheep production      
Total sheep shorn (head)  2,036 2,302  2077 3,480 
Winter grazed hectares (ha)  1,235 1,082  704 937 
Wool cut (kg/WGHa)  7 14  14 20 
Av Sheep Sale Price ($/head) 64 31   75 35 
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2.6.4  Land values  
Traditionally, land values are determined primarily by expected future profitability and 
prospects for capital gains.  Recently however, land values in some of the higher 
rainfall areas of the Greenough region have also been influenced by strong demand 
from pastoral stations seeking freehold grazing land in close proximity to the 
Geraldton port. 
From 2000 to 2003 all shires in the Greenough Region experienced limited or zero 
growth in land values.  However from 2003 – 2004, land values in higher rainfall 
areas rose significantly (see table 6).  This growth may be attributed to the strong 
returns achieved by farms in these areas, as well as low interest rates and strong 
demand from pastoral stations for grazing land.  The lower rainfall areas of the 
Greenough region however, continued to experience limited or zero growth from 
2003-2004, which may be attributable to the previous run of poor seasons and low 
commodity prices (Department of Land Information 2004).         
Table 6: Average land price per hectare in Greenough Region* 
Shire/City 2000-03 average land price $/ha 
2004 average land 
price $/ha 
Chapman Valley  990 1,625 
Geraldton (City) N/A N/A 
Greenough 1,025 2,000 
Irwin 620 750 
Mingenew 790 1,250 
Mullewa 370 400 
Northampton 880 1,325 
* Does not include holdings of less than 45 hectares
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 2.7  Land use  
Gary Patterson, Development Officer  
Of the land uses shown in Figure 8, land used for the purpose of agriculture occupies 
the greatest area, with 91 per cent of the total (Table 7).  Of the land used for 
agricultural purposes, the majority is used for broad-acre grain production, with some 
livestock production.  The next biggest is land used purely for grazing - mainly sheep, 
but with increasing numbers of cattle, particularly in areas above Northampton and 
below Dongara.      
Table 7: Land use (area and percentage of total)   
Land use Area (ha) Percentage
Agricultural  1,975,121 91.4 
Crown Land 46,600 2.2 
Conservation  40,204 1.9 
Reserves* 23,531 1.1 
Other non-agricultural land ** 74,514 3.4 
Total  2,159,970 100  
* Includes shire and water reserves.  
**Includes urban land and road reserves.   
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Figure 8.  Land use in the Greenough RCA region 
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2.8 Demographics 
Gary Patterson, Development Officer  
The population of the Greenough Region is dominated by the major urban 
settlements of Geraldton and Greenough.  Other shires with significant urban 
populations include the Irwin and Northampton shires.  Due to the perceived 
desirability of living on the coast and better access to services and employment, 
these shires have experienced steady population growth over the past decade.  The 
remaining rural shires have generally experienced negative population growth over 
the past decade, with slight growth being recorded recently.  This is mostly due to 
declining service availability in rural areas, rural to urban drift and increasing farm 
size.     
Table 8: Population demographics in the Greenough catchment (Source: Mid 
West Development Commission, 2004)  
Shire/City 1991 1996 1999 2005 
Chapman Valley  821 836 968 1,000 
Geraldton (City) 21,128 20,200 19,861 21,451 
Greenough 8,071 10,701 11,711 12,942 
Irwin 2,189 2,526 3,025 3,500 
Mingenew 657 611 612 619 
Mullewa 1,466 1,146 1,150 1,200 
Northampton 2,849 3,020 3,135 3,325 
Total 37,181 39,040 40,462 44,037 
Notes: Data is presented for census years plus the most recent available year (1999) 
from the Australian Bureau of Statistics.  2005 population figures are unofficial 
figures provided by the various Shires and City of Geraldton. 
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3.  Resource condition and future risk 
3.1 Climate change impacts 
Angela Stuart-Street, Soils Resource Officer 
The experience of the past 30 years over south-west Western Australia has been for 
fewer rain days and fewer heavy rainfall events during winter.  There has already 
been a measured decline in annual rainfall of approximately 10 per cent since the 
mid 1970s (Foster 2002).  Predicted and measured changes in climate are likely to 
have major land use and natural resource implications.   
To indicate general trends in rainfall across the Greenough region, the average 
rainfall for the last 55 years was compared with the rainfall for the last two decades 
(Table 9).  The results show that there are mixed trends in rainfall across the area, 
ranging from a 30 mm (7 per cent) reduction in Geraldton to a 5 mm (1 per cent) 
increase in Yuna.  The results appear to indicate that there may be a greater rainfall 
decrease on the coast with less impact inland. 
Table 9:  Average rainfall trends 
Location Average rain (mm) 1950-2004 
Average rain (mm) 
1985-2004 
Change 
mm 
Change 
% 
Geraldton 465 435 -30 -7 
Northampton 470 457 -13 -3 
Mingenew 393 381 -12 -3 
Nabawa 309 310 +1 0 
Mullewa 337 340 +3 +1 
Yuna 351 356 +5 +1 
(Source:  Bureau of Meteorology Patched Point Dataset, 2005) 
To further investigate the rainfall pattern trends, the rainfall for summer (October to 
April) and winter months (May to November) was assessed (Table 10).  Again, the 
results shows mixed trends in the region, with some areas having increasing summer 
and decreasing winter rain, other areas showing the opposite, with yet other areas 
increasing in all seasons or decreasing in all seasons.   
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Table 10:  Summer and winter rainfall trends 
Location 
Summer 
(Oct-Apr) 
1950-2004 
Summer 
(Oct-Apr) 
1985-2004
Change 
mm 
Change 
% 
Geraldton 74 73 -1 -1 
Northampton 73 75 +2 +3 
Mingenew 78 73 -5 -6 
Nabawa 78 71 -7 -9 
Mullewa 93 97 +4 +4 
Yuna 76 79 +3 +4 
Location 
Winter  
(May-Nov) 
1950-2004 
Winter  
(May-Nov) 
1985-2004
Change 
mm 
Change 
% 
Geraldton 391 362 -29 -7 
Northampton 396 379 -17 -4 
Mingenew 315 306 -9 -3 
Nabawa 230 237 +7 +3 
Mullewa 244 241 -3 -1 
Yuna 274 275 +1 <1 
(Source:  Bureau of Meteorology Patched Point Dataset, 2005) 
Long-term impacts of climate change are forecast to include changes in rainfall 
patterns and more frequent extreme events.  Much of this, however, is still 
speculative and based on modelling.  
Future farming and resource management within the region needs to include an 
emphasis on uncertainty and risk management planning to develop flexible strategies 
to cope with the projected effects of climate change.   
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3.2 Land management hazards 
Angela Stuart-Street, Soil Resource Officer 
An estimate of the major land management hazards across the Greenough Region 
has been undertaken (Department of Agriculture Map Unit Database 2005).  Many of 
these hazards are difficult to see on the ground because of their insidious nature.  
They all have an impact on the sustainability and productivity of agricultural activities.  
Most of these hazards are preventable or reversible using correct management 
techniques, which are outlined in Section 4 of this report.  Salinity hazards and risks 
are discussed in detail in Section 3.3 of this report.   
3.2.1 Wind Erosion  
Wind erosion is most common on loose, coarse, dry surface soils.  In this region, 
approximately 53 per cent of soils have a high to very high wind erosion hazard.  
Prefrontal winds in autumn and winter in the Greenough region often cause wind 
erosion on cultivated or unprotected paddocks.  The risk of erosion is increased if the 
front fails to bring rain.  Erosive winds can, however, occur from any direction at any 
time of the year on any soil if it is left open to stripping.  Yellow deep sand is the most 
susceptible soil.  Yellow sandy earth, Pale deep sand, Grey deep sandy duplex and 
Gravelly pale deep sands are also very vulnerable.   
3.2.2 Subsurface Acidity 
Susceptibility to subsurface acidification is when soil is at risk of becoming acidic 
below the cultivation layer (deeper than 10 cm) as a result of land management 
practices (van Gool et. al. in prep).  The soils that either currently exhibit subsoil 
acidity or are likely to in the next 10 years make up 33 per cent of land in the area.  
All deep sands, particularly Yellow deep sand, are highly susceptible to subsurface 
acidity.    Grey deep sandy duplex soils are also affected.  Wodgil or acidic Yellow 
deep sands may be difficult to treat due to their inherently acidic nature, and liming 
may prove to be uneconomical. 
3.2.3 Subsoil Compaction  
Soil compaction is the reduction in soil pore size and total pore space through 
applied stresses, particularly vehicular traffic.  Twenty four per cent of soil in the 
region is highly susceptible to this form of degradation.  Yellow deep sand and Yellow 
sandy earth are the most vulnerable soils.   
3.2.4 Soil Structure Decline  
Soil structure decline occurs in loamy or clayey topsoils and results in crusting and 
hardsetting of the soil surface.  This is often as a result of excessive tillage.  Twenty 
two per cent of soils are highly susceptible in the Greenough region.  Red brown 
hardpan shallow loam is very vulnerable to structure decline, along with Red shallow 
loamy duplex. 
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3.2.5 Water Repellence  
This condition occurs mainly on sandy soils where there is low clay content (<5 per 
cent).  Fourteen per cent of soils in this region are highly susceptible to water 
repellence, which leads to an uneven soil wetting pattern at the break of the season.  
Pale deep sand is the most susceptible soil type along with Grey deep sandy duplex 
and Calcareous deep sand. 
3.3 Hydrological risk 
3.3.1 Groundwater 
Russell Speed, Regional Hydrologist 
Groundwater hydrographs showing the trends typical of each of the five geological 
regions in the Greenough Region will be presented in this section with a short 
discussion and interpretation. 
Future salinity risk on the Yilgarn Craton appears negligible.  That is, the areas of 
existing salinity are unlikely to expand and new areas are unlikely to develop.  Data 
from bores in both cleared and uncleared areas in the Greenough Region on the 
Yilgarn Craton have exhibited declining groundwater trends for more than a decade. 
Figure 9 shows the groundwater hydrograph for an observation bore located in a 
completely uncleared, undisturbed catchment adjacent to Canna Reserve.  There 
has been a steady decline in the level of the watertable averaging about 4 cm/yr for 
the last decade.  The decline in the watertable is most likely due to groundwater loss 
by drainage with perhaps a minor survival transpiration component. 
Figure 9.  Groundwater hydrograph for observation bore CN1OB within an 
uncleared, undisturbed catchment adjacent to Canna Reserve.  Columns 
show daily rainfall at Canna. 
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Figure 10 shows the groundwater hydrograph for an observation bore located above 
the break of slope on a predominantly cleared hillside just north of Canna.  There 
was dramatic watertable rise in 1996 and 1999 in response to seasonal conditions.  
There was widespread waterlogging in 1996, and 1999 was generally wet throughout 
the Northern Agricultural Region with Moora being flooded on two separate 
occasions in that year.  However, over the decade of data collection the watertable 
has exhibited a declining trend of about 8 cm/yr.  The decline in the watertable is 
most likely due to groundwater loss by both evaporation and drainage. 
Figure 10.  Groundwater hydrograph for observation bore OM10OB located above 
the break of slope on a cleared hillside north of Canna.  Columns show daily 
rainfall at Canna. 
Figure 11 shows the groundwater hydrograph for an observation bore in a typical 
wheatbelt valley floor affected by secondary salinity about 10 kilometres northwest of 
Morawa.  The valley floor had been cleared and cropped before it became saline but 
had not been used for agricultural production for more than a decade before the bore 
was installed.  The groundwater quality in this valley floor is very saline approaching 
seawater.  For the first five years of monitoring the watertable fluctuated between the 
ground surface and about 1.5 metres depth.  However over the last five years the 
watertable has receded to about three metres depth.  The decline in the watertable is 
due to loss of groundwater by evaporation.  It appears the evaporative loss of 
groundwater might have approached a limiting depth of evaporation of about three 
metres. 
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Figure 11.  Groundwater hydrograph for observation bore OM5OB located in a 
typical wheatbelt valley floor affected by secondary salinity near Morawa.  
Columns show daily rainfall at Morawa. 
Future salinity risk in the Irwin Sub-basin is uncertain.  There doesn’t appear to be 
any net watertable change after a nine year monitoring period.  Figure 12 shows the 
groundwater hydrograph for an observation bore monitoring the watertable on the 
extensive flats about six kilometres northeast of Mingenew.  The watertable 
responded significantly to the 1996 growing season when waterlogging was 
widespread in this area and the generally wet conditions that prevailed through 1999.  
Since then the watertable has declined with the loss of groundwater most likely 
occurring by drainage. 
Future salinity risk in the Perth Basin is extreme (Speed 2003).  Sustained and 
alarming rates of watertable rise have been observed in the central parts of the Perth 
Basin for decades.  Figure 13 shows the groundwater hydrograph for an observation 
bore installed by the Water Authority of Western Australia in a valley floor about 24 
kilometres west of Mingenew.  The observation bore accesses groundwater in the 
regional aquifer of the Yarragadee Formation.  An almost continual rising 
groundwater trend has been sustained for nearly three decades.  The rate of 
groundwater rise in the last couple of decades is about 50 cm/yr. 
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Figure 12.  Groundwater hydrograph for observation bore MI1OB located on flats 
northeast of Mingenew.  Columns show daily rainfall at Mingenew. 
 
Figure 13.  Groundwater hydrograph for observation bore OB2/76 monitoring the 
regional groundwater in the Northern Perth Basin west of Mingenew (early 
data sourced from Water and Rivers Commission). 
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Figure 14 shows the groundwater hydrograph for a piezometer located in a sandplain 
hollow about 25 kilometres east of Northampton.  In this locality the Perth Basin is 
bound to the east and west by the Urella Fault and crystalline bedrock of the 
Northampton Block and groundwater occurs within the Tumblagooda Sandstone.  
The hydrograph shows the piezometric water level was 3.6 metres below ground 
when monitoring began in December 1991.  A steady rising groundwater trend was 
observed throughout the 1990’s with the rate of rise increasing to more than 80 cm/yr 
toward the end of that decade.  Artesian conditions now prevail.  There has been little 
change in the piezometric water level over the last five years reflecting reduced 
recharge to the Tumblagooda Sandstone aquifer during this particularly dry period. 
Figure 14:  Groundwater hydrograph for piezometer CV9D located in a sandplain 
hollow east of Northampton.  Columns show daily rainfall at Yuna. 
Large parts of the Northampton Block appeared to have attained groundwater 
equilibrium.  That is, groundwater levels rose and fell in response to seasonal 
conditions and there was no obvious longer term trend throughout the last decade of 
the last century, particularly in the southern portion of the Northampton Block 
encompassing the Chapman Valley region (Speed 1998, 2002). 
However, this century, groundwater levels appear to have declined significantly in 
response to reduced rainfall.  Figure 15 shows the groundwater hydrograph for an 
observation bore in a mid slope location in the southern part of Chapman Valley.  The 
watertable depth averaged about eight metres below ground throughout the 1990’s.  
During the first few years of this century the watertable decayed to about 10 metres 
below the surface where a new equilibrium appears to becoming established.  The 
decline in the watertable is due to reduced recharge failing to replenish volumes of 
groundwater drainage and discharge into the Chapman River.  The hydrological 
threat this poses is declining groundwater resources. 
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Figure 15.  Groundwater hydrograph for observation bore CV2OB located in a mid 
slope position in Chapman Valley.  Columns show daily rainfall in Chapman 
Valley. 
 
There are currently no bores sited within the Carnarvon Basin geological region, 
hence, the future salinity risk for this area is unknown at this time. 
 
3.3.2 Surface water 
Lyle Mildenhall, Land and Water Development Officer 
The draft Natural Resource Management Strategy (2004) prepared by the Northern 
Agricultural Catchments Council (NACC) outlined several major threats to the water 
resources of NACC’s Greenough Sub Region: 
3.3.2.1 Changes to hydrological regime 
In the Greenough Sub Region widespread clearing of remnant vegetation has 
changed the water balance resulting in increased runoff from catchment areas and 
increased recharge to groundwater systems.  This increased runoff and rising 
groundwater has resulted in increased flooding of waterways and wetlands 
contributing to the deterioration and death of associated riparian vegetation.  
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3.3.2.2 Salinity  
Rising water tables, increased runoff and drainage of saline surface and groundwater 
has transported large amounts of salt into receiving waterways and wetlands in the 
Greenough Sub Region. Currently, the rivers of the Greenough River Basin are all 
moderately saline and the lower Murchison is brackish (see Table 11). 
Table 11: Salinity of the Major Watercourses in the Greenough Sub Region 
Watercourse 1996 Clearing   % 
Area  
(km2) Salinity Status 
1993-2002 mean 
salinity (mg/L) 
Greenough 
River 50 11,736 
Moderately 
Saline 3,700 
Chapman 
River 90 1,578 
Moderately 
Saline 2,900 
Irwin River 84 5,264 Moderately Saline 2,300 
Murchison 
River 5 86,800 Brackish 2,000 
(Modified from Mayer et al 2005) 
3.3.2.3 Erosion 
As a result of widespread loss of riparian vegetation and increased runoff in the 
Greenough Sub Region, river channels have widened to adjust to the new amount of 
flow and have often scoured and collapsed when increased runoff is combined with 
flooding events.  The process has often led to an oversized channel where there is 
little vegetation for bank protection and support (Muirden et. al. 2003). 
Table 12 outlines the state of erosion for the Greenough, Chapman and Hutt Rivers, 
according to Foreshore Assessment projects that have been undertaken (Department 
of Environment 2001).  The waterways are categorised according to the percentage 
of the river that has stream banks in a very good to very poor condition. 
Table 12. Statistics for bank stability on the Greenough, Chapman and Hutt 
Rivers 
Bank Stability 
Condition 
Waterway 
Very good (%) Moderate (%) Poor (%) Very poor (%) 
Greenough 18 33 48 0 
Chapman 23 29 29 18 
Hutt 16 31 38 16 
(Source: Water and Rivers Commission 2001a & 2001b) 
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3.3.2.4 Sedimentation 
The effects of sedimentation are widespread in the Greenough Sub Region.  In 
particular, the Irwin, Chapman and Greenough rivers and the estuaries have 
extensive problems, which are a result of significant sediment inputs from the 
contributing rivers. 
Widespread clearing in the Northern Agricultural Region has altered sediment 
regimes through the influx of fine silt and clay particles from soil erosion.  Deposition 
of sediment from channels or through broad catchment erosion has caused the filling 
of river pools, smothering of aquatic habitat, reduction of channel capacity and 
channel avulsions (a new channel breaking out adjacent to the old channel) (Muirden 
et al 2003).  Artificial drainage systems built throughout the region also contribute 
considerable quantities of sediment to waterscapes, as many of these structures are 
poorly maintained and erode rapidly (Muirden et al 2003). 
3.3.2.5 Contamination 
Major contributors to point source contamination entering waterscapes in the 
Greenough Sub Region include former mine sites, landfill and heavy industry.  For 
example, an old mine site at Galena is leaching heavy metals from tailings into a 
tributary of the Murchison River.  Similar mine sites occur on tributaries of the Hutt, 
Greenough, Chapman and Bowes Rivers and moderate heavy metal contamination 
has been recorded.  Lead contamination from Nokenina Brook has also been 
recorded in the Bowes River.  Diffuse source contamination by herbicides and 
pesticides used in agricultural practice are other potential contributors.  
3.3.2.6 Flooding  
Flood problems in the Greenough Sub Region arise where settlement has taken 
place in flood prone areas along rivers and coastlines, for example Dongara.  
Floodplains continue to be under pressure from more intensive land use despite the 
significant flood risk and the increasing pressure as land becomes scarce.  Severe 
floods do not happen frequently in the Greenough Sub-Region, however when 
flooding does take place the resulting damage to property, infrastructure and land 
can be considerable.  Known major flooding has occurred in the following years 
(Table 13): 
Table 13:  Years of major flooding 
Murchison 
River 1974 1975 1980 1989 1992 1995 2000  
Greenough 
River 1888 1927 1953 1963 1970 1971 1988 1994 1999 
Chapman 
River 1888 1934 1939 1960 1986 1996 1999  
Irwin River 1971 1988 1989 1996 1999  
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3.3.2.7 Eutrophication 
Waterscapes throughout the Greenough Sub Region are routinely affected by 
eutrophication.  The Greenough and Chapman estuaries have high nutrient levels 
and experience a consistent algal bloom.  A significant contribution to nutrient 
enrichment in the Greenough Sub Region results from animal waste and fertilisers. 
Intermittent river flow mobilises large amounts of animal waste that can result in 
offensive smelling algal blooms.  
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3.4 Native vegetation condition and risks 
 Mike Clarke, Revegetation Officer 
3.4.1 Native vegetation representation 
There are currently 143,633 ha of remnant vegetation remaining in the Greenough 
Region that represents about 8 per cent of what originally grew.  The Northampton, 
Tathra and Pindar systems now account for around 74 per cent of the vegetation 
remaining.  The Yuna system, formerly the most extensive prior to clearing, 
occupying 25 per cent of the region, now accounts for only 6 per cent of present 
cover. 
Table 14:  Vegetation Systems and extent changes. 
Vegetation 
System 
Original pre-
clearing extent 
(ha) 
Present 
cover (ha) 
% remaining 
of original 
extent 
NORTHAMPTON 243,507 48,031 33 
TATHRA 268,862 42,895 17 
PINDAR 135,099 15,407 20 
YUNA 462,453 8,730 19 
YALGOO 33,735 7,433 32 
KALBARRI 197,995 6,004 5 
AJANA 31,500 4,358 15 
GREENOUGH 113,644 3,209 13 
MULLEWA 42,131 2,808 8 
PERENJORI 8,879 1,639 22 
ILLYARRIE 26,912 1,431 5 
HUTT 49,712 672 6 
IRWIN 13,002 465 4 
EURARDY 14,983 273 8 
NANEKINE 107,589 94 1 
MINGENEW 93,673 41 2 
COOLCALALYA 624 34 6 
ERIDOON 21,311 30 0.2 
YARRA YARRA 2,156 21 1.9 
CLIFF HEAD 6,183 11 0.4 
TALISKER 3,276 7 0.7 
BILLERANGA 314 1 0.4 
ZUYTDORP 73 0 0 
MULLINGARRA 63 0 0 
Total area 1,877,676 143,596 8 
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Figure 16:  Current extent of remnant vegetation in the Greenough region 
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The vegetation association that has had the most extensive reduction in total area is 
the shrublands and scrub heath on sandplain within the Tathra and the Yuna 
Systems with 216,209 ha and 214,000 ha lost respectively.  The native vegetation 
contains 44 species of priority flora and 32 species of declared rare flora (Appendix 
3). 
3.4.2 Native vegetation at risk 
Four per cent of the remaining native vegetation is salt-affected.  The native 
vegetation is also threatened by excess grazing, damage from herbicide and fertiliser 
drift, weed invasion and altered fire regimes. 
3.5 Risks to agricultural production 
Peter Tozer, Research Economist and Gary Patterson, Development Officer  
Important farm management issues for the region include physical factors, such as 
soil degradation, herbicide resistance and climatic variation; and financial factors, 
such as increasing input costs, low return on capital compared to other investments 
and insufficient retained earnings to fund capital development.  The extent and 
severity of these issues vary significantly throughout the region.  
Salinity is an increasing problem in parts of the Greenough region, particularly in the 
Perth Basin.   Production risk from salinity threatens farm and catchment viability and 
poses a major challenge in terms of management and amelioration.  Soil compaction, 
structural decline and wind erosion are also major issues in the region, particularly on 
sandplain soils.  Poor management of these issues can compromise yields and can 
result in irreversible damage.        
Herbicide resistance is also a major issue on sandplain soils in the Greenough 
region.  The lupin: wheat rotation has been a big success story for this soil type over 
the past 20 years. Growers are faced with the dilemma of changing this very 
successful farming system to less profitable systems, perhaps ones that include non-
crop phases.  As well as posing a significant economic cost, herbicide resistance 
may result in a return of some traditional farming practices that are know to have 
significant environmental impacts, such as full cultivation, stubble burning and/or 
increased grazing.   
Projected climate change scenarios include warmer conditions, increased variability 
in weather and increased frequency and intensity of extreme weather events.  
Farming systems will be further challenged by projected stresses such as increased 
drought frequency and severity, increased evaporation and shorter growing seasons.  
Reduced rainfall and higher evaporation would suggest that the spread of salinity 
may decrease in the future; however daily rainfall events are predicted to be more 
intense and this may lead to increased episodic recharge, as well as water erosion.  
Overall drier conditions and shorter growing seasons may also result in an increase 
in the incidence of wind erosion.  While the impacts of climate change and seasonal 
variability are likely to impact all areas in the state, drier areas are projected to be the 
most adversely affected.   
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3.5.1  Market forecasts  
The exchange rate is one of the key domestic macro-economic variables for 
Australia’s primary industries because most international contracts are denominated 
in United States currency (US$). Significant movements in the Australian Dollar (A$) 
against the US$ will markedly influence commodity returns.  
It is estimated that the A$ will average US$0.74 in 2005-06, primarily due to strong 
export demand and favourable interest rate differentials with the United States, and 
the world economy growing by around 4.7 per cent.  Economic growth in Australia is 
expected to be 3 per cent in 2005-06, which is around one per cent point higher than 
in 2004-05 due to the strong demand for mineral resources.  
3.5.1.1 Beef  
In 2005-06, total live cattle exports are forecast to increase to be similar from 2004–
05 and slaughterings are expected to increase slightly. Saleyard prices are forecast 
to decline in Australia by approximately 10 per cent in part due to a fall in import 
demand from Japan and the USA following the BSE outbreak of a rise in Australian 
production.  
3.5.1.2 Cropping  
WA is forecast to produce nearly 13.4 million tonnes (Mt) of grain for the 2005-06 
growing season, up by 16 per cent from the previous year.  Grain on average 
contributes about half of the State’s GVAP, although this year will supply only 40 per 
cent.  
Australian grain prices in particular are subject to movements in the US$. As little as 
a one-cent appreciation of the A$ reduces the price paid to Australian farmers by 
$5/tonne. Subsequently, over the medium-term grain prices are expected to fall as 
the A$ is likely to appreciate in line with world economic recovery and growth. Table 
15 lists estimated production for 2005-06 and prices in 2003–04 for WA.   
Table 15:  Estimated crop production for 2005-06 and expected prices for 2005–
06, for WA  
Crop Production in 2005-06   (‘000 tonnes) 
Expected prices 
pool 2005–06 ($/t)
Wheat  9,300  185-190 
Barley 2,200  
175-180 (malt) 
135-145 (feed) 
Lupins 810  230-240 
3.5.1.3 Wheat, barley and lupins  
Australian wheat prices are forecast to remain steady in 2005–06 given the 
fluctuating A$ and world supply conditions.  Prices could rise if there are production 
problems in North America or Europe. The prospects are for lower world wheat prices 
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with the APW (Australian Premium White) (10 per cent protein) estimated pool price 
between $185 and $190 per tonne.  
Malting barley prices are expected to fall slightly from the previous year due to large 
stocks of grain worldwide, particularly Europe.  
Lupin prices are also likely to be slightly lower.  An appreciating A$ has the potential 
to cut returns to growers over the medium term. 
3.5.1.4 Sheep and wool  
The focus in 2005-06 is likely to remain on supplies for processing and live export.  
Demand will remain limited throughout 2005-06 and prices should follow a similar 
pattern to 2004–05.  Steady lamb supplies are forecast to result in stable prices but 
strong export demand from the US should ensure prices do not fall greatly.  
The strength of the Australian dollar will keep wool prices relatively low. The Western 
Market Indicator is expected to average 698 cents per kilogram clean in 2005-06, 
down 4 per cent from the previous season. With the high $A relative to other 
currency, there is likely to be some substitution by processors away from wool.  
Downward pressure should be maintained on wool over the medium term due to 
intense competition between fibres.    
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4. Management Options and Impacts 
This section sets out options for managing hazards.  Factors such as soil type, 
topography, annual rainfall, enterprise mix and financial structure will influence what 
the most appropriate approach is for an individual farm business. 
4.1  Land Management Options 
Gary Patterson, Development Officer  
A comprehensive approach to responding to land degradation issues is characterised 
by the Recover/Contain/Adapt model.  In this approach, actions are categorised by 
their outcome: 
• Recover: Seeks action that will return the land to an original and productive state. 
• Contain: Seeks action that will prevent the spread or increase of land 
degradation. 
• Adapt: Seeks action that will enable the use of the land in its current state. 
The following section outlines the main land and water management options that are 
suitable for the Greenough region and include options to recover, contain and adapt.  
Implementation of these options is often site specific, but will also depend on the 
goals of the land manager and the economic benefits verses the costs. 
 
Land Management Units are soil units or an association of soil units that have similar 
agronomic potential and management requirements.  Specific information on the land 
and water issues and management options for the main individual LMUs of the 
Greenough region are described in Table 16.  Additional land management options 
for the issues of salinity, climate change and herbicide resistance taken from Hunt 
and Patterson (2004) are outlined below:  
  
4.1.1 Salinity management options  
4.1.1.1 Adopting low recharge farming systems: to replace current agronomic 
practices with alternative, economically viable systems which increase 
evapotranspiration and reduce the amount of water percolating below the root zone 
(this section applies only to the Perth Basin). 
• Use of perennial plants (Contain): pastures which are capable of growing 
throughout the year, and trees or fodder shrubs, which combine the advantages 
of deep root systems and year round growth with higher water use, due to their 
large leaf area.  
• Managing soils with major chemical and/or physical limitations (Contain and 
Adapt): as they may create a severe productivity limit and are often also major 
recharge and/or erosion sites, particularly acid yellow sandy earths, pale deep 
sands, shallow gravels, rock outcrops and bedrock “highs”.  
• Protect, manage and enhance the remnant vegetation (Contain and Adapt): to 
maintain existing water use and contribute to reducing groundwater recharge.   
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4.1.1.2 Engineering solutions: are required in addition to increasing water use 
by plants.  These options help to prevent water from recharging and remove saline 
water from the catchment. 
• Managing surface water (Recover and Contain): includes incorporating water 
harvesting, pumps, banks and drains into farm and catchment water management 
strategies.  
• Managing ground water (Recover and Contain): to lower water tables, preventing 
continued accumulation of salts while allowing rainfall to leach salt from the upper 
soil profile. These techniques function by increasing the rate of discharge, and 
consequently reduce the area of groundwater discharge necessary to establish 
equilibrium.  This often involves deep drains, pumps or siphons.  
 
4.1.1.3 Living with Salinity: to make productive use of land and water that is 
already salt affected. 
• Saltland pastures and crops (Adapt): saltland plants can provide some production 
from what is otherwise generally unusable land.  
• Aquaculture (Adapt and some recovery and containment through associated 
works): there is some potential for aquaculture ponds using groundwater drainage 
from salt affected areas.  
• Evaporation basins and salt harvesting: basins can be used to dispose of saline 
groundwater until it evaporates (Adapt and some recovery and containment 
through associated works): Commercial harvesting of salt from an evaporation 
basin may be an option.  
• Desalination (Adapt and some recovery and containment through associated 
works): converts saline or treated wastewater into fresh water of drinking quality 
(potable) and industrial use.  Generally, distillation and reverse osmosis (RO) are 
used for seawater desalination, while RO and electrodialysis are used to 
desalinate brackish water   
• Mineral extraction (Adapt and some recovery and containment through associated 
works): from saline water for use by industry, animal nutrition and as dust 
suppressants.  
Judicious analysis of the suitability and effectiveness of these options, as well as their 
establishment and ongoing costs, is recommended before implementation.   In some 
circumstances, low recharge farming systems may not sufficiently reduce recharge 
and/or may come at a significant opportunity cost to other, more profitable systems.  
Engineering options are often expensive and their effectiveness is dependent on 
landscape features and soil properties.  Ventures designed to make productive use 
of saline land often require high capital costs and technical expertise, and are 
sometimes limited by distance to market and market demand issues.     
4.1.2 Climate change management options 
• Biofuels and alternative energy sources (Contain and Adapt): Biofuels offer 
Western Australia an opportunity to reduce its greenhouse emissions, as they 
produce fewer greenhouse gases. It is estimated that biodiesel produces 75 per 
cent less accountable greenhouse emissions than diesel. Biofuels are generated 
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from plant matter, such as residues from wood processing [i.e. Western Power’s 
Integrated Wood Processing demonstration plant in Narrogin 
(http://www.oilmallee.com.au/imp.html)], canola oil and crop stubble.  
• Agro-forestry and carbon-sinks/trading (Contain and Adapt): Commercial 
opportunities identified in the zone, along with medium and low rainfall zones, 
include Broombush, Oil Mallees and Sandalwood. Furthermore, these plants, as 
well as other salt tolerant species, may provide a source of revenue through 
carbon trading by acting as carbon sinks. 
• New crop and pasture varieties (Adapt): with the low rainfall zones in the NAR 
potentially the most adversely affected by climate change, these areas should 
consider switching to short growing season cereal and oilseed crop varieties, and 
low rainfall pasture varieties. Modern selection and breeding techniques are 
resulting in continual improvements in the genetic qualities of crop and pasture 
varieties that are more suitable to particular agronomic circumstances.      
• Inland aquaculture (Adapt): Due to potentially adverse conditions developing in 
the marine environment as a result of climate change, it is possible that 
aquaculture ventures may be relocated to the mainland where conditions can be 
greater controlled. There is some potential for aquaculture ponds using saline 
groundwater, including finfish, algae and brine shrimp. Freshwater species such 
as yabbies, marron and silver perch have also been successfully produced 
commercially.  
• Climate forecasting and decision support tools (Adapt): Climate variability is a 
significant issue for farming and pastoralism. Good management of climate risks 
is vital for making a profit and remaining in business. Developments in climate 
forecasting abilities along with a number of climate related decision support tools, 
such as Australian Rainman and Potential Yield Calculator, provide information to 
landholders that enable them adjust their farming practices and inputs according 
to how their season is tracking. 
4.1.3 Herbicide resistance management options 
The main solution to the problem of herbicide resistance is diversity.  That is, to 
develop a farming system with a range of crop and pasture options with diverse 
measures of weed control.  Historically, the common farming system in the NAR has 
been predominantly continuous cropping  (e.g. Lupin: Wheat rotation) with a reliance 
on herbicides for weed control.  What is needed is an integrated approach to weed 
management that includes of a range of chemical, non-chemical and mechanical 
weed control options. 
4.1.3.1 Chemical Methods:  
• Double knock strategy: i.e. use Glyphosate followed by Sprayseed, so that 
weeds which survive Glyphosate, are killed with Sprayseed.  
• Rotate herbicides: Don’t use the same herbicide repeatedly if it works, as 
resistance will develop later.  
• Crop topping:  topping pulses after the pulse seed has matured is a good way to 
prevent some weeds from setting seed (Mingenew-Irwin Group Inc., unpublished).  
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4.1.3.2 Non-chemical Methods:  
• Competitive manipulation so that crops have a competitive advantage, by using 
high seeding rates and narrow row spacing, delay sowing after weed germination 
has occurred, choose crop species that are naturally better competitors or 
ensuring competitive crop agronomic practices.  
• Reducing weed seed viability, by burning header rows with a hot burn (this 
practice must be used judiciously however, to avoid soil erosion issues).  
• Include pasture phases or other non-cropping phases in rotations such as green 
manuring, cutting for hay, etc. In these non-cropping phases do not allow weed 
seed set. Delay sowing until there has been a germination of weeds - if possible. 
 
4.1.3.3 Mechanical Methods:  
• Seed collection at harvest. Seeds can then be cleaned from grain prior to delivery. 
Sheep grazing also removes fresh viable seeds and prevents them entering the 
seed bank.  
•  Cultivation to kill weeds (allows early germination of weeds and delay of sowing). 
Encourage germination by tickle or light cultivation, which changes seed position 
in soil and bury them to stimulate better germination of weeds, then use the 
double knock strategy.  
• Prevent weed seed introduction, by ensuring seed is clean before sowing, not 
taking crop seed from an area of known resistance problems and feeding stock in 
a designated feed area. 
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Table 16: Land and water management options for Main Land Management Units 
DEEP YELLOW SAND  Approx. 673,000 ha (36% of region) 
Description 
Yellow deep sand > 80 cm and Yellow 
sandy earth grading to loam by 80 cm 
on sandplains and slopes 
 
Soil and water problems 
• Soils acid or highly 
susceptible to 
acidification. 
• High wind erosion 
hazard. 
• Susceptible to water 
repellence (non-
wetting). 
• Moderately to highly 
susceptible to 
subsurface 
compaction (traffic 
pans). 
• Low soil water storage 
in sandy topsoils. 
Cropping and pasture options 
• Cereal and lupin rotation most suitable, but if disease or herbicide resistance 
builds up a pasture phase may be required (eg.  serradella/cereal rotation) 
• Annual pasture varieties suitable on unit include Dalkeith and Nungarin 
subterranean clovers (for long term pastures); Santorini and Charano yellow 
serradella; and Cadiz, Margurita and Erica French serradellas. 
• Perennial pasture options on this unit include tagasaste, lucerne, rhodes grass 
and sub tropical grass mixes.   
Surface water control  
• Grade banks are effective on this unit to control water erosion on sloping land. 
Recommended management practices 
• For acidity, add lime or dolomite as top dressing and by banding or 
incorporating at depth, and/or reduce rate of highly acidifying practices such 
as cutting hay or using ammonium based nitrogen or elemental sulphur. Also, 
reducing nitrate leaching by decreasing or splitting nitrogen applications to the 
amount crops can reasonably use will assist to reduce acidification rates.  
• For wind erosion, principally maintain 50% vegetative ground cover.     Also, 
fence off problem areas and place gravel around stock watering points, camps 
and gates.    
• Water repellence can be managed by installing furrows on the contour when 
cropping to harvest water and promote even wetting around the seed.  
Claying of topsoil in the NAR has shown mixed results, possibly due to the 
properties of the clay, so attention must be given to this if considering this 
option.    
• Subsurface compaction can be managed by deep ripping, using tramline 
farming techniques and limiting machinery movement in the paddock, as well 
as deferring grazing on susceptible soils when wet.  
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YORK GUM COUNTRY (shallow)  Approx. 330,000 (18% of region) 
Description 
Red and red-brown loam over a red 
brown shallow hardpan (often with 
calcrete) at <50 cm on level to very gently 
inclined lower slopes.  
 
Soil and water problems 
• Surface acidity can be a 
problem.  
• Usually has low salinity 
risk, however risk 
increases in valley floors 
with rising groundwater. 
• Soil structure decline is 
possible with excessive 
cultivation at too high or 
too low moisture levels or 
at high speeds.  Excessive 
cultivation when too wet 
will lead to a very 
hardsetting surface. 
• Moderate risk of water 
erosion on sloping land, 
especially with run-on from 
upslope.  
• Soil water storage is low to 
moderate depending on 
the depth to the red-brown 
or calcrete hardpan.  
 
Cropping and pasture options 
• Cereals, faba beans, field pea and chickpeas.  Canola in high rainfall 
areas.  Where topsoil is heavier than a loam and the pH is higher than 
6.0, lentils are possible in the western parts.  Suited to continuous 
cropping if minimum tillage or no-till crop establishment is followed.  
• Annual pasture varieties suitable on unit include Dalkeith and 
Nungarin subterranean clovers; Serena, Santiago and Scimitar burr 
medics; Caliph barrel medic; Herald strand medic; and Santorini, 
Charano and Yelbeni yellow serradellas, and biserrula.  
• Possible perennial pastures include rhodes grass and lucerne.  Tall 
wheat grass may be suitable on wet areas. 
Surface water control 
• Grade banks may be necessary to lead run-off to a dam or a 
waterway.  Working on the contour is recommended on sloping 
ground.  
Recommended management practices 
• For surface acidity, add lime or dolomite as top dressing. 
• Soil structure decline can be managed minimising tillage, traffic, 
operations and speed, and tilling when the soil moisture status is at or 
below the lower plastic.  Retention of stubble and application of 
gypsum, as well as minimising stock numbers on susceptible soils 
when they are wet will also help.  
• In addition to grade banks and working on the contour, retaining 
stubbles and reduced tillage can also assist to manage water erosion. 
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SAND OVER GRAVEL Approx. 216,000ha (12% of region) 
Description 
Grey to pale brown sand over sandy 
gravel; with pale sand sometimes deep (> 
80 cm), on level to undulating sandplains.  
Soil and water problems 
• May become acid, 
therefore periodic 
monitoring of surface 
and subsurface pH is 
needed. 
• High wind erosion 
hazard. 
• Low risk of water erosion 
except where run-off is 
generated from non-
wetting surfaces. 
• Traffic pan could 
develop where the 
gravel layer is deep.  If 
so, crops and pastures 
are likely to respond to 
deep ripping. 
• High risk of water 
repellence early in the 
season until soil wets up. 
• Soil water storage is low 
because of poor and 
patchy infiltration of early 
rains due to water 
repellence and poor 
water-holding capacity.  
Cropping and pasture options 
• Cereal and canola rotation most suitable, but if disease or herbicide 
resistance builds up a pasture phase may be required (Serradella may 
replace lupins in rotations). Canola is also possible on loamy sand.    
• Annual pasture varieties suitable on unit include Dalkeith and Nungarin 
subterranean clovers; Caliph barrel medic; Herald strand medic; 
Santorini and Charano yellow serradella; and Cadiz, Margurita and 
Erica French serradellas. 
• Possible perennial pastures include biserrula, lucerne, Rhodes grass, 
and sub tropical mixes.  
Surface water control 
• Grade banks may be necessary in areas that experience significant run 
off due to non-wetting surfaces. 
Recommended management practices 
• For acidity, add lime or dolomite as top dressing and by banding or 
incorporating at depth, and/or reduce rate of highly acidifying practices 
such as cutting hay or using ammonium based nitrogen or elemental 
sulphur. Also, reducing nitrate leaching by decreasing or splitting 
nitrogen applications to the amount crops can reasonably use will assist 
to reduce acidification rates.  
• For wind erosion, principally maintain 50% vegetative ground cover.  
Restrict grazing on vulnerable soils in summer and autumn.  Also, fence 
off problem areas and place gravel around stock watering points, camps 
and gates.    
• Water repellence can be managed by installing furrows on the contour 
when cropping to harvest water and promote even wetting around the 
seed.   
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ROCKY OUTCROP COUNTRY  Approx. 163,000ha (9% of region) 
Description 
Firm to hardsetting, red-brown stony 
clayey sand on granite; surface often 
littered with granite and quartz rocks, on 
hillcrests and slopes of gently undulating 
rises.   
 
Soil and water problems 
• Low risk of acidification. 
• Usually low risk of 
salinity. 
• Soil structural decline 
possible with excessive 
cultivation at too high or 
too low moisture levels 
or high speeds.  
Excessive cultivation 
when too wet will lead to 
hardsetting surface.   
• Moderate to high risk of 
water erosion, as the 
clay is dispersive which 
slows infiltration by 
clogging soil pores and 
increasing run-off. Run 
off occurs from granite 
outcrops.  
• Low to moderate water 
storage depending on 
the depth to bedrock. 
Cropping and pasture options 
• Suited to continuous cropping if minimum tillage or no-till crop 
establishment techniques are followed.  Possible crops include cereals, 
field peas, chickpeas and canola where the bedrock is deeper.  Rocky 
surfaces are unsuitable for chickpeas.  
• Annual pasture varieties suitable on unit include Dalkeith and Nungarin 
subterranean clovers; Serena, Santiago and Scimitar burr medics; Caliph 
barrel medic; Herald strand medic; and Santorini, Charano and Yelbeni 
yellow serradellas, and biserrula.  
• Possible perennial pastures include rhodes grass, tall wheatgrass, and 
lucerne.  
Surface water control 
• Grade banks may be necessary to lead run-off to a dam or a waterway.  
Working on the contour is recommended on sloping ground.  
• Revegetating areas (including understorey species) beneath rocky 
outcrops if granite too shallow to allow grade banks.   
Recommended management practices 
• Soil structure decline can be managed minimising tillage, traffic, 
operations and speed, and tilling when the soil moisture status is at or 
below the lower plastic.  Retention of stubble and application of gypsum, 
as well as minimising stock numbers on susceptible soils when they are 
wet will also help.  
• In addition to grade banks, working on the contour and strategic tree 
planting, retaining stubbles and reduced tillage can also assist to manage 
water erosion. 
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WELL DRAINED SLOPES AND FLATS  Approx. 130,000 ha (7% of region) 
Description 
Clays, sandy or loamy earths and duplex 
soils on well-drained slopes and flats.   
 
Soil and water problems 
• Moderate risk of acidity.  
Monitoring is 
recommended. 
• Usually low risk of 
salinity. 
• Soil structural decline 
possible with excessive 
cultivation at too high or 
too low moisture levels 
or high speeds.  
Excessive cultivation 
when too wet will lead to 
hardsetting surface.   
• Medium to high risk of 
wind erosion on sandier 
soils. 
• Moderate risk of water 
erosion on lower slopes 
receiving run-off. 
• Moderate to good water 
storage depending on 
texture (sandier soils 
have only moderate 
water-holding capacity).  
Cropping and pasture options 
• Suited to continuous cropping if minimum tillage or no-till crop 
establishment techniques are followed.  Possible crops include cereals, 
albus lupins, field peas, chickpeas, faba beans and canola.  Faba bean 
is the preferred legume where transient waterlogging is a problem. 
• Annual pasture varieties suitable on unit include Dalkeith and Coolamon 
subterranean clovers; Serena, Santiago and Scimitar burr medics; 
Caliph barrel medic; Herald strand medic; Santorini and King yellow 
serradellas; Casbah and Mauro biserrulas; and Margurita, Erica and 
Cadiz French serradellas.    
• Possible perennial pastures include rhodes grass, tall wheatgrass, sub 
tropical mixes, salt bush, kikuyu and lucerne. 
Surface water control 
• Grade banks may be necessary to lead run-off to a dam or a waterway.  
Working on the contour is recommended on sloping ground.  
Recommended management practices 
• Soil structure decline can be managed minimising tillage, traffic, 
operations and speed, and tilling when the soil moisture status is at or 
below the lower plastic.  Retention of stubble and application of gypsum, 
as well as minimising stock numbers on susceptible soils when they are 
wet will also help.  
• For wind erosion, principally maintain 50% vegetative ground cover.  
Restrict grazing on vulnerable soils in summer and autumn.  Also, fence 
off problem areas and place gravel around stock watering points, camps 
and gates. 
• In addition to grade banks and working on the contour, retaining 
stubbles and reduced tillage can also assist to manage water erosion. 
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GRAVEL RIDGES Approx. 102,000 ha  (5% of region) 
Description 
Firm to hardsetting, brown gravelly clayey 
sand over cemented ironstone (laterite).  
Occurs on higher positions in the 
landscape of gently undulating weakly 
dissected sandplain  
 
Soil and water problems 
• May become acid 
several years after 
clearing.  Periodic 
monitoring is 
recommended if pH has 
fallen below 5.0.  
• Low risk of salinity. 
• Porosity of soil structure 
may decline with 
cultivation. Crops and 
pastures may respond to 
deep ripping. 
• Water repellence usually 
low, but may occur in 
some areas early in the 
season until the soil wets 
up.   
• Moderate risk of wind 
erosion. 
• Low risk of water erosion 
as the soil is well drained 
and infiltration rates are 
high.   
• Low water storage, due 
to poor water holding 
capacity and the shallow 
depth to cemented 
gravel. 
Cropping and pasture options 
• Cereals and lupins can be grown where the cemented gravel layer is 
not too close to the surface.  In the deeper, more fertile and less 
gravelly areas, canola may be possible.   
• Annual pasture varieties suitable on unit include Dalkeith and Nungarin 
subterranean clovers; Caliph barrel medic; Herald strand medic; 
Santorini and Charano yellow serradella; and Cadiz, Margurita and 
Erica French serradellas. 
• Possible perennial pastures include rhodes grass, biserrula, sub tropical 
mixes and lucerne 
Surface water control 
• Not a significant issue on this unit, but grade banks may be necessary 
in vulnerable areas.   
Recommended management practices 
• For acidity, add lime or dolomite as top dressing and by banding or 
incorporating at depth, and/or reduce rate of highly acidifying practices 
such as cutting hay or using ammonium based nitrogen or elemental 
sulphur. Also, reducing nitrate leaching by decreasing or splitting 
nitrogen applications to the amount crops can reasonably use will assist 
to reduce acidification rates.  
• For wind erosion, principally maintain 50% vegetative ground cover.  
Restrict grazing on vulnerable soils in summer and autumn.  Also, fence 
off problem areas and place gravel around stock watering points, camps 
and gates. 
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4.2 Water management 
4.2.1 Groundwater management 
Russell Speed, Regional Hydrologist 
Groundwater management will be discussed for each of the five geological regions in 
the Greenough Region. 
Declining groundwater trends on the Yilgarn Craton mean that groundwater 
management options are not required for this area.  Areas of existing salinity (which 
are areas of groundwater discharge) should be allowed to stabilise by excluding 
stock.  The extent of these areas is likely to diminish over time but at this stage it is 
unknown whether all areas once degraded by salinity can be brought back into 
regular agricultural production. 
In the Irwin Sub-basin groundwater management does not appear to be required at 
this stage but groundwater monitoring is imperative to provide the earliest indication 
of future risk. 
Groundwater management in the Perth Basin is a priority resource management 
issue.  Rising groundwater levels can be considered a growing resource of fresh 
water in the regional aquifers that supply most of the towns in the Greenough 
Region.  However, as watertables rise to intersect the land surface and groundwater 
discharge occurs by evaporation, the evaporative concentration of salt from even 
relatively fresh sources of groundwater will exacerbate degradation. 
Identifying management options is problematic, however.  The Perth Basin aquifers 
are regionally extensive and span vast areas encompassing many individual farms.  
Determining the most appropriate groundwater management plans requires further 
investigation. 
Groundwater management for salinity risk is not required on the Northampton Block 
but surface water management to manage groundwater resources is looming as an 
issue.  If groundwater supplies become too depleted then options such as capturing 
surface water to enhance recharge may need to be considered. 
There is a need to further investigate groundwater in the Carnarvon Basin. 
4.2.2 Surface water management 
Frank Rickwood, Land Conservation Officer 
The study area is comprised of nine soil landscape zones (see Figure 4). The table 
below (Table 17) shows the areas occupied by the main slope classes in each of the 
soil-landscape zones within the Greenough region. These are also shown as a 
percentage of the total area of each Zone.  For example, in the Geraldton Coastal 
Zone, 16 per cent (19,400 ha) of its total area has slope classes in the 0 – 1 per cent 
range. Percentages are approximate. 
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Table 17:  Areas occupied by the main Slope Classes within the Soil-landscape 
Zones 
Slope  Zones 
0 – 1% 1 – 3% 3 – 5% 5 – 10% >10% 
Geraldton Coastal 
Zone 
19,000 ha 
(16%) 
38,000 ha 
(31%) 
31,000ha 
(24%) 
25,000 ha 
(20%) 
10, 000 ha 
(7%) 
Dandaragan 
Plateau Zone 
2,000 ha 
(14%) 
5,000 ha 
(45%) 
3,000 ha 
(30%) 
1, 000 ha 
(11%) 
100 ha 
(1%) 
Victoria Plateau 
Zone 
161,000 ha 
(24%) 
354,000 ha 
(53%) 
116,000ha 
(17%) 
35, 000 ha 
(5%) 
5,000 ha 
(1%) 
Arrowsmith Zone 
9,000 ha 
(5%) 
60,000 ha 
(36%) 
69,000 ha 
(41%) 
29, 000 ha 
(17%) 
3,000 ha 
(2%) 
Chapman Zone 
11,000 ha 
(4%) 
62,000 ha 
(21%) 
80,000 ha 
(28%) 
94, 000 ha 
(32%) 
42, 000 ha 
(14%) 
Lockier Zone 
17,000 ha 
(17%) 
46,000 ha 
(45%) 
20,000 ha 
(19%) 
14, 000 ha 
(13%) 
6, 000 ha 
(6%) 
Port Gregory 
Coastal Zone 
2,000 ha 
(6%) 
8,000 ha 
(24%) 
9,000 ha 
(27%) 
11, 000 ha 
(32%) 
4,000 ha 
(11%) 
Kalbarri Sandplain 
Zone 
22,000 ha 
(18%) 
55,000 ha 
(46%) 
22,000ha 
(18%) 
17, 000 ha 
(14%) 
5, 000 ha 
(4%) 
Irwin River Zone 
58,000 ha 
(17%) 
202,000 ha 
(59%) 
56,000ha 
(16%) 
20, 000 ha 
(6%) 
4,000 ha 
(1%) 
Using the data above, the risks associated with surface water flows are considered 
with reference to the slopes and their dominance within the zones: 
• Slopes 0% - 1% 
Of the 0% - 1% slopes, parts of the Geraldton Coastal Zone, the Port Gregory 
Coastal Zone, and the Lockier and Irwin River Zones are most likely to experience 
waterlogging, flooding and ponding with the low gradients and the presence of clayey 
and duplex soils or soils with a hardpan.  In these situations, earthworks such as 
seepage interceptor drains and shallow relief drains may be required to alleviate 
waterlogging and move water to a defined drainage line.  Salinity may be a problem 
on these areas where water accumulates.  Landscapes with slopes less than 3 per 
cent are termed as receiving landscapes, that is, they receive run on from the slopes 
above. 
This slope class occupies 16 per cent of the whole Greenough Region and covers 
the largest area in the Victoria Plateau Zone. 
• Slopes 1% - 3% 
Water erosion will be a risk with run-off generated from steeper slopes 1% - 3%. 
Long, low slopes also provide an opportunity for greater erosion to occur with an 
increase in the erosive velocity. Waterlogging can be a problem on the lower slopes 
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where there are duplex soils (sand over clay). Sandy soil types will be less of a 
problem with the high infiltration rates, unless non-wetting sands are present. 
This slope class occupies 44 per cent of the whole Greenough Region and covers 
the largest area in the Victoria Plateau Zone. 
• Slopes 3% - 5% 
Water erosion will be an issue on susceptible soils on the 3% - 5% slopes. 
Furthermore, long slopes will provide an opportunity for runoff to attain an erosive 
velocity. Earthworks will be needed where erosion occurs and to reduce pressure on 
areas at risk downslope.  Waterlogging may occur on the lower slopes especially on 
shallow duplex (sands over clay) soils. 
This slope class occupies 22 per cent of the Greenough Region. 
• Slopes 5% - 10% 
Water erosion will become a problem with poor land management practices on the 
5% - 10% slopes. For example, working up and down the slope can concentrate 
water in furrows and result in the formation of rills (small channels) and gullies. 
These slopes occupy 13 per cent of the Greenough Region. 
• Slopes >10% 
Where Slopes >10%  (breakaways and rocky ridges) are present, careful soil 
conservation measures are required since there is a high risk of water erosion. 
Planned earthworks may be needed on eroded footslopes of breakaways to prevent 
the formation of gullies. The problem is increased where soils are dispersive. Many of 
the slopes in this range should not be cleared. 
These slopes occupy 5 per cent of the Greenough Region. 
4.2.2.1 Surface water management: 
The strategy is to reduce surface water flow with good land management practices, 
and manage the remaining flow with earthworks. 
Practices that reduce surface flows and prevent soil erosion include: 
• Maintaining a suitable vegetative cover all year round to reduce surface water 
runoff. 
• Protection of remnant vegetation. 
• Working to the contour. As far as possible, avoid working directly up and down 
steep slopes. 
• Establishment of perennial pastures. 
• Minimise soil cultivation by using techniques such as no-till or direct drill 
• Very steep areas such as breakaways and rocky ridges should be left uncleared 
or revegetate these areas where soil erosion is a problem. 
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Surface water earthworks such as grade banks are used on slopes where there is 
high runoff (shedding landscapes), to reduce the flow velocity and volume and 
prevent soil erosion.  Water flows from these shedding landscapes to areas of lower 
slope (receiving landscapes) where water accumulates causing waterlogging, 
flooding and groundwater recharge. 
The shedding landscapes are slopes greater than 3 per cent and account for 
approximately 40 per cent of the Greenough Region.  In high rainfall events, flow 
velocities down the slopes, particularly long slopes, have the potential to severely 
erode soils. 
Receiving landscapes occupy approximately 60 per cent of the Region and are areas 
with lower gradients and ill-defined drainage.  Waterlogging, flooding and ponding 
are very often problems that need to be addressed and shallow relief drains (W-
drains, spoon drains, V-drains) may be required when this occurs. 
It is important that before any earthworks are constructed in the landscape, a site 
investigation is carried out and planning and surveying undertaken by qualified 
personnel. 
Subject to site survey, the table below (Table 18) is a guide to earthworks that may 
be required on specific slopes and landscape elements in the Greenough Region. 
Surface water management options for the soil supergroups are provided in Table 
19. 
Table 18:  Slope classes, landscape elements and suitable earthworks 
Slope 
Class 
(%) 
Proportion 
of Region 
(%) 
Landscape 
element Earthwork structures 
0 – 1 16 
Valley floors 
to lower 
slopes 
W-drains, flat-bottomed, spoon, V drains, leveed open deep 
drains, levee banks and leveed waterways 
1 – 3 44 Lower slopes to mid-slopes 
Grade banks & broad based banks (on slopes >2%) 
Seepage interceptor drains & reverse bank seepage 
interceptor drains 
Levee banks and Leveed waterways 
3 – 5 22 Mid-slopes to upper slopes 
Grade banks & broad based banks 
Seepage interceptor drains & reverse bank seepage 
interceptor drains 
Levee banks and Leveed waterways 
5 – 10 13 Upper slopes 
Grade banks 
Level and absorption banks below rocky outcrops or 
breakaways where there is no waterway 
Levee banks and Leveed waterways 
>10 5 Steep slopes Earthworks generally not recommended. 
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Breakaways 
Rocky ridges 
Good soil conservation practices required, such as working 
to the contour, no-till or direct drill, and maintaining a good 
pasture cover. 
 
 
Table19:  Surface water management options for soil supergroups 
Soil 
Supergroup 
Proportion of 
Region (%) Degradation Risks Suitable Earthworks 
Deep sands 46 
 Water erosion generally 
not a problem. May be 
an issue with water 
repellent soils on 
slopes. 
 Generally earthworks structures not 
required. 
 Working to the contour and 
maintaining a healthy pasture cover 
Shallow loams 
12 
 Water erosion 
 Waterlogging on low 
slopes 
 Grade banks 
 Seepage Interceptor banks 
Sandy duplexes, 
shallow 7 
 Water erosion 
 Waterlogging 
 Flooding on the valley 
floors 
 Grade banks 
 Seepage Interceptor banks, but check 
depth to clay 
 Shallow relief drains – W-drains, 
Spoon drains, V-drains 
Ironstone gravelly 
soils 6 
• Water erosion can 
occur on gravels over a 
cemented layer or clay  
 Grade banks 
 Level and absorption banks on upper 
slopes where there is no suitable 
waterway 
Sandy earths 6 • Surface water generally not a problem 
 Working to the contour and 
maintaining a healthy ground cover 
Loamy duplexes 6 
• Water erosion 
• Waterlogging 
• Flooding on valley floors
 Grade banks 
 Seepage Interceptor banks, but check 
depth to clay 
 Shallow relief drains – W-drains, 
Spoon drains, V-drains 
Loamy earths 5 
• Water erosion 
• Waterlogging (in wet 
years) 
• Sometimes saline 
 Grade banks 
 Seepage Interceptor banks above, but 
check depth to clay 
Shallow sands 5 
• Water erosion 
• Waterlogging on lower 
slopes and valley floors 
 Grade banks 
 Seepage Interceptor banks 
Cracking clays 3 
• Water erosion on slopes
• Waterlogging, flooding 
• Ponding on valley floors 
 Grade banks 
 Seepage interceptor drains on the 
 slope above waterlogged sites 
 Shallow relief drains 
Rocky or Stony 3 
• Water erosion on slopes 
below rocky ridges or 
breakaways 
 Grade banks below water shedding 
areas. 
 Level banks or absorption banks 
where there is no suitable waterway 
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Wet or 
waterlogged soils 1 
• Water erosion on slopes
• Waterlogging 
• Flooding on the valley 
floors 
• Salinity 
 Grade banks 
 Seepage interceptor banks 
 Shallow relief drains on flatter sections 
or deep drains, but careful 
investigation of the site is required 
before construction. 
 
4.2.3   Deep Drainage 
An owner or occupier of land intending to drain or pump groundwater for the purpose 
of controlling salinity, is required to lodge a Notice of Intent with the Commissioner of 
Soil and Land Conservation at least 90 days before commencement of the drainage 
or pumping.  This includes draining or pumping within a single landholding. 
Landholders carrying out drainage activities should also be aware of their duty of 
care to those affected by their actions. They should consult with affected persons and 
avoid causing damage to their properties. 
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4.3 Vegetation Management 
Mike Clarke, Revegetation Officer 
4.3.1 Enhancing remnant vegetation  
Remnant vegetation can be enhanced by: 
• Fencing out stock to prevent eating of regenerating plants, soil compaction, 
introduction of weed seeds and nutrients in the form of dung. 
• Planting at least five or six rows of trees and shrubs around the perimeter of the 
remnant to act as a buffer strip against degradation, such as weed invasion and 
chemical drift.  These plantings also enhance water use, particularly if the 
remnant is found near rocky outcrops.  
• Creating links with other remnants through revegetated wildlife corridors.  
Drainage lines are good sites for corridors as they can link the top of the 
catchment to the bottom.  Wildlife corridors should be wide and structurally 
diverse and the species planted should reflect the original vegetation.  
4.3.2 Revegetation for salinity control 
When revegetating to manage sandplain seeps, plantings should extend the entire 
width of the seep on the upslope side and contain eight to ten rows of trees and 
shrubs on five by five metre spacing.  Tree and shrub plantings need to be located in 
areas where they can maximise their water using ability.  The following areas in the 
region are suggested for strategic plantings: 
• at the break of slope, above the valley floor 
• above seepage areas 
• below rocky outcrops 
• at the change of soil type texture, particularly from a sand to loam or clay 
• flanking drainage lines 
• on salt-affected areas with plants such as melaleuca, saltbush, samphire, 
bluebush and Balansa clover. 
Saltland areas should be fenced to enable salt tolerant plants to establish naturally.  
In saltland areas that may be waterlogged for periods up to two weeks, saltbush 
pastures, such as River Saltbush (Atriplex amnicola), Wavy Leaf Saltbush (A. 
undulata) and Quail Brush (A. lentiformis), are recommended. 
4.3.3 Commercial revegetation 
At present, potential commercial tree options for the region include: 
• maritime pine 
• oil mallees 
• sandalwood 
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• broombush 
• various eucalypts for commercial timber crops.   
Other perennial options may include grasses, lucerne and fodder shrubs such as 
Acacia saligna and tagasaste. 
4.3.4 Revegetating drainage lines 
Many of the main drainage channels in the region have remnant vegetation, flanking 
its margins, which should regenerate if protected from grazing. 
When revegetating areas flanking drainage lines, construct a similar community of 
plants that would have grown there originally, starting with the most salt-tolerant 
closest to the drainage channel.  A minimum vegetated width of 50 m either side 
would be suitable for the major drainage lines in the region.  Also make sure that 
excess surface water is controlled, particularly if the area to be planted is showing 
signs of salinity. 
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5.  Publications — Department of Agriculture  
Bulletins 
Bulletin 4324 Trees and shrubs for the midlands and northern wheatbelt 
Bulletin 4617 Deep drains to manage groundwater 
Farmnotes  
Remnant vegetation 
2/2001 Reducing rates and taxes on farm bushland 
141/2000 The value and benefits of healthy farm bush 
34/99 Regulation 4, governing land clearing 
Trees 
98/2001 Eucalyptus oil mallees  
14/2001 Low rainfall farm forestry for the wheatbelt  
46/2000 Pioneer plants in revegetation 
38/2000 Vegetation buffer zones 
80/99 Specialty timbers for the WA wheatbelt 
40/98 Direct seeding of native plants for revegetation 
37/98 Site preparation for successful revegetation for agricultural regions 
36/98 Site assessment for successful revegetation for agricultural regions with less than 
600 mm rainfall 
27/98 Southern sandalwood: an introduction 
31/91 Tree planting for erosion and salt control 
Saltland agronomy 
3/2001 FRONTIER® – an early maturing balansa clover for the wheatbelt 
47/2000 Saltland pastures: changing attitudes towards saline land 
44/2000 Tall wheat grass and balansa clover: A beneficial partnership for waterlogged, mildly 
saline soils 
84/2002 Establishing balansa and Persian clovers on waterlogged, mildly saline soils 
1/99 Puccinellia – for productive saltland pastures 
75/96 Harvesting tall wheat grass and puccinellia for seed 
81/91  Calculating saltbush seeding rates 
87/89 Grazing and management of saltland shrubs 
44/86 Saltland management – revegetation 
32/86 Saltland management – selecting forage plants for saltland 
Groundwater Management 
65/2004 Managing Saline Seeps with Siphons 
53/2004 Evaporation basins for salinity management 
36/2004 Groundwater pumping for salinity control 
42/2001 Relief wells in south Western Australia 
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6.  Further information and contacts 
Topic Organisation Local contact Website address 
Climate Bureau of Meteorology  www.bom.gov.au/climate 
Soils & land use Soil Resource 
Officer  
Farming systems 
and group 
development 
Productive uses 
for saline land 
Farming 
Systems 
Development 
Officer 
Revegetation Revegetation 
Officer 
Economics Regional 
Economist 
www.agric.wa.gov.au 
 
Surface water 
management 
Land 
Conservation 
Officer 
Department of 
Agriculture,  
Geraldton District Office 
Tel:  (08) 9956 8555 
Fax: (08) 9921 8016 
Hydrologist  
Land Monitor  www.landmonitor.wa.gov.au 
Groundwater & 
salinity 
- salinity mapping 
- national audit National Land and Water Resource Audit www.nlwra.gov.au 
Native vegetation Department of 
Conservation and Land 
Management,  
Geraldton District Office 
Tel:  (08) 9921 5955 
 www.calm.wa.gov.au 
Regional 
planning & 
funding 
Northern Agricultural 
Catchments Council 
(NACC), Executive 
Officer  Francis Street 
Geraldton  
Tel:  (08) 99 
 www.calci.org 
www.nacc.com.au 
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Appendix 1: Soil groups of the Greenough Region 
Soil Group Area (ha) Percent 
Yellow deep sand 574,000 31 
Red-brown hardpan shallow loam 194,000 10 
Pale deep sand 143,000 8 
Shallow gravel 83,000 4 
Yellow sandy earth 80,000 4 
Red shallow loamy duplex 78,000 4 
Red loamy earth 77,000 4 
Red shallow sandy duplex 76,000 4 
Gravelly pale deep sand 65,000 3 
Red shallow sand 51,000 3 
Red shallow loam 44,000 2 
Grey deep sandy duplex 40,000 2 
Calcareous deep sand 39,000 2 
Hard cracking clay 35,000 2 
Red sandy earth 29,000 2 
Stony soil 29,000 2 
Yellow/brown shallow sandy duplex 21,000 1 
Yellow/brown shallow sand 19,000 1 
Saline wet soil 18,000 1 
Calcareous shallow sand 17,000 1 
Bare rock 15,000 1 
Alkaline red shallow loamy duplex 15,000 1 
Self-mulching cracking clay 14,000 1 
Brown deep sand 13,000 1 
Deep sandy gravel 11,000 1 
Duplex sandy gravel 10,000 1 
Red deep sand 10,000 1 
Calcareous loamy earth 10,000 1 
Red deep loamy duplex 9,000 1 
Yellow/brown deep sandy duplex 9,000 <1 
Red deep sandy duplex 9,000 <1 
Brown loamy earth 8,000 <1 
Pale shallow sand 6,000 <1 
Grey non-cracking clay 5,000 <1 
Salt lake soil 4,000 <1 
Red/brown non-cracking clay 3,000 <1 
Semi-wet soil 3,000 <1 
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Appendix 1 Continued 
Brown sandy earth 2,000 <1 
Undifferentiated soils 1,000 <1 
Wet soil 1,000 <1 
Sandy duplexes supergroup 600 <1 
Alkaline grey shallow sandy duplex 500 <1 
Grey shallow sandy duplex 300 <1 
Loamy earths supergroup 300 <1 
Yellow/brown shallow loamy duplex 200 <1 
Loamy gravel 200 <1 
Pale sandy earth 100 <1 
Shallow loams supergroup 100 <1 
Loamy duplexes supergroup 20 <1 
Yellow loamy earth 20 <1 
Sandy earths supergroup 20 <1 
Reticulite deep sandy duplex 20 <1 
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Appendix 2:  Main soil supergroups of soil-landscape 
Zones within the Greenough region 
ZONE DOMINANT SOIL SUPERGROUP  % 
Deep sands  46 
Shallow sands  16 
Cracking clays  6 
Sandy earths  3 
Geraldton Coastal 
(221) 
Other soils 29 
Dandaragan Plateau  (222) Deep sands  100 
Deep sands  73 
Shallow loams  17 
Ironstone gravelly soils 3 
Victoria Plateau 
(223) 
Other soils 7 
Deep sands  88 Arrowsmith  
(224) Other soils 12 
Loamy duplexes, shallow 30 
Sandy duplexes, shallow 14 
Deep sands  11 
Chapman Valley 
(225) 
Other soils 45 
Cracking clays  28 
Shallow loams  16 
Loamy duplexes, shallow 10 
Deep sands  7 
Loamy earths 5 
Lockier 
(226) 
Other soils 34 
Deep sands  57 
Shallow sands  32 
Wet or waterlogged soils  8 
Port Gregory Coastal 
(231) 
Other soils 3 
Deep sands  67 
Rocky or stony soils 5 
Kalbarri Sandplain 
(232) 
Other soils 28 
Shallow loams  26 
Deep sands  9 
Ironstone gravelly soils  7 
Wet or waterlogged soils  4 
Irwin River 
(271) 
Other soils 54 
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Appendix 3: Rare and priority flora of the Greenough 
Region 
Table A1: Declared rare and priority flora  
Species Status Species Status 
Acacia lanceolata P2 Eucalyptus blaxellii R 
Acacia leptospermoides subsp. obovata P2 Eucalyptus crispata R 
Acacia lineolata subsp. multilineata P1 Eucalyptus cuprea R 
Acacia megacephala P2 Eucalyptus diminuta P3 
Acacia pelophila P1 Eucalyptus ebbanoensis subsp. photina P4 
Acacia pterocaulon P1 Eucalyptus leprophloia R 
Anthotroche myoporoides P2 Eucalyptus macrocarpa subsp. elachantha P4 
Caladenia bryceana subsp. cracens R Eucalyptus macrocarpa x pyriformis P3 
Caladenia elegans R Eucalyptus zopherophloia P4 
Caladenia hoffmanii R Gastrolobium callistachys P4 
Caladenia wanosa R Gastrolobium rotundifolium P1 
Calytrix drummondii P3 Glyceria drummondii R 
Comesperma rhadinocarpum P2 Grevillea bracteosa R 
Conostylis dielsii subsp. teres R Grevillea christineae R 
Conostylis micrantha R Grevillea fililoba P1 
Darwinia sanguinea P4 Grevillea murex R 
Darwinia sp.Morawa(C.A.Gardner 2662) P3 Grevillea phanerophlebia R 
Daviesia speciosa R Gyrostemon reticulatus R 
Diuris recurva P4 Homalocalyx chapmanii P1 
Drakaea concolor R Hypocalymma angustifolium subsp. longifolium R 
Drummondita ericoides R Jacksonia velutina P4 
Eremophila brevifolia P2 Lasiopetalum oldfieldii subsp. oldfieldii P3 
Eremophila viscida R Lechenaultia chlorantha R 
Eucalyptus beardiana R Leucopogon marginatus R 
Malleostemon sp.Erangy 
Springs(M.E.Trudgen 1203 P3 Stachystemon nematophorus R 
Malleostemon sp.Unmade 
Road(E.A.Griffin 7537) P1 Stawellia dimorphantha R 
Microcorys tenuifolia P3 Stenanthemum gracilipes P1 
Persoonia pentasticha P2 Stylidium pseudocaespitosum P2 
Philotheca wonganensis R Synaphea sparsiflora P2 
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TABLE A1 (con’t) 
Species Status Species Status 
Pterostylis sp.Northampton(S.D.Hopper 
3349) R Thryptomene duplicata P1 
Ptilotus fasciculatus R Thryptomene sp.Mingenew(Diels & Pritzel 332) P3 
Schoenia filifolia subsp. subulifolia R Thysanotus glaucus P4 
Scholtzia sp.Binnu East 
Road(M.E.Trudgen 12013) P1 Tricoryne robusta P2 
Scholtzia sp.Eradu(R.D.Royce 8016) P2 Verticordia comosa P1 
Scholtzia sp.Geraldton(F.Lullfitz 3216) P3 Verticordia luteola var. luteola P3 
Scholtzia sp.Gunyidi(J.D.Briggs 1721) P2 Verticordia penicillaris P4 
Scholtzia sp.Whelarra(M.E.Trudgen 
12018) P1 Verticordia spicata subsp. squamosa R 
Scholtzia sp.Yandanooka(R.Soullier 
646) P1 Wurmbea tubulosa R 
Source: Department of Conservation and Land Management Threatened Flora database 
(2005)  It should be noted that the supplied data do not necessarily represent a 
comprehensive listing of the rare flora of the area in question.  Its comprehensiveness is 
dependant on the amount of survey carried out within the specified area.  
 
Definitions of conservation codes given to declared rare and priority flora (Atkins 
1998). 
Declared Rare Flora – Extant Taxa 
Taxa which have been adequately searched for and are deemed to be in the wild 
either rare, in danger of extinction, or otherwise in need of special protection, and 
have been gazetted as such. 
P1: Priority One – Poorly Known Taxa 
Taxa that are known from one or a few (generally less than five) populations, which 
are under threat, either due to small population size, or being on lands under 
immediate threat, e.g. road verges, urban areas, farmland, active mineral leases, or 
the plants are under threat, e.g. from disease, grazing by feral animals. May include 
taxa with threatened populations on protected lands.  Such taxa are under 
consideration for declaration as ‘rare flora’, but are in urgent need of further survey. 
P2: Priority Two – Poorly Known Taxa 
Taxa which are known from one or a few (generally less than five) populations, at 
least some of which are not believed to be under immediate threat (i.e. not currently 
endangered). Such taxa are under consideration for declaration as ‘rare flora’, but 
are in urgent need of further survey. 
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P3 Priority Three – Poorly Known Taxa 
Taxa that are known from several populations, and the taxa are believed to be not 
under immediate threat (i.e. not currently endangered), either due to the number of 
known populations (generally more than five), or known populations being large, and 
either widespread or protected.  Such taxa are under consideration for declaration as 
‘rare flora’, but are in need of further survey. 
P4 Priority Four – Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, while 
being rare (in Australia), are not currently threatened by any identifiable factors.  
These taxa require monitoring every 5–10 years. 
Note: The need for further survey of poorly known taxa is prioritised into the three 
categories depending on the perceived urgency for determining the conservation 
status of those taxa, as indicated by the apparent degree of threat to the taxa on the 
current information. 
